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PREFACE 

The thesis has its roots in tJie study of transition metal 
nitrosyl complexes which have versatile applications as catalysts# 
as precursors for many novel complexes and in overcoming a ntimber 
of problems related to pollution control. Despite an enormous 
amount of synthetic and structural work in the area of nitrosyls# 
development of new simpler synthetic procedures is still of 
immense interest. Indeed even today, nitric oxide has been pre- 
ferentially used for metal nitrosylation, in general, besides the 
use of alternative nitrosylating agents like, RNO2, hydroxylamines, 
NOX and N— nitros amide s . The latter could not possibly be utilized 
in a generalized way. Anodier point of general importance connect- 
ed with the synthetic agents is that a few of them (NO, NOX) are 
hazardous gases while soithj are carcinogenic (nitrosamines) in 
nature. The hazardous nat.iu'e of NO Itself is well establi- 
shed. Such problems led to the synthetic chemists of today face 
a challenge of developing nitrosylating agents having general 
applicability similar to that of NO but having non hazardous 
nature. Though to achieve the aim is a difficult task, the work 
in the thesis exhibits an attempt in the direction. Since S— nitroso 
organic compounds (penicillamine thionitrite, trityl thionitrite, 

S— nitrosocysteine, and nitrosothiourea) contain easily cleavable 
(both chemically and photochemically) S— N bond, to take the advan- 
tage of its weakness to generate NO Jn situ for its trapping by 
the metal ions/or their complexes could be a good starting point 
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for examining their synthetic potentialities. Another point in 
favour connected to thionitrites besides the medicinal values' 
is their nonhazardous nature. In addition# it is also felt that 
a large variation in their thermal half lives could provide a 
specificity of a particular thionitrite for the synthesis of a 
particular set of metal nitrosyls. 

The scope, the object of the work and a brief literature 
survery regarding the synthetic procedures, modes of bonding, 
reactivity of transition metal nitrosyls, various theories, rules 
and techniques for understanding the bonding and distinguishing 
linear nitrosyl groups from bent ones are described in the first 
chapter. 

Synthetic procedures of a number of metal nitrosyl comple- 
xes using penicillamine thionitrite at elevated temperatures have 
been described in chapter two. 

Chapter three deals with the reactions of trithyl thionitrite 
with metal salts and their complexes of Ru, Rh, Ir, Cr, Fe, Co, Ni, 
Mo and W in presence of coligands (PPh^/ AsPh^, SbPh^, ethylene- 
diamine, pyridine, bipyridyl, diethydithiocarbamate, ammonitun 
thiocyanate and ace tylace tone) at elevated as well as at low 
temperatures , 

Chapter four deals with reactions of S-nitrosocysteine with 
RuCl^ ,xh[ 20 , RhCl^ .xH^O, in presence of triphenylphosphine, CoCl2» 
6 H 2 O in presence of 2 , 2 -):)ipyridyl and lithium perchlorate, [RUCI2- 
(PPh^) ^ ] and [RhC 1 ( Pl'h,^) I . These reactions resulted in the 
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formation of a few new n I irosy 1, complexes. Their physical and 
chemical properties have been studied. Their possible structures 
have been proposed on the basis of the results of various physico- 
chemical techniqpaes. 

Fifth chapter describes the reactions of nitrosothiourea 
with Cr(II), Mn(Il), Pe(II), Co(Il), Ni(Il), Cu(Il), Zn(Il), Ag(l), 
Cd(Il) and Hg(Il) salts in the presence of coligands (pyridine/ 

2/ 2 bipyridyl, 1, 10— phenanthroline) and with a few complexes of 
luthenixim/ rhodium, iridium,' palladium and platinum at various 
temperatures. New nitrosyls and thiocyanato complexes, thus 
obtained, have been characterized using various physicochemical 
techniques. Their possible structures have also been proposed. 

Synthesis of nitrosyl complexes of Cr, Fe and Co is presence 
of different coligands (itialeonitrile dithiolate, 2,2 '—bipyridyl, 

1, lO-phenanthroline, 7— arninoquinol ine, acetylacetoneethylene— 
diamine, and salicy laldehyde ethylenediatnine) at room and low 
temperatures using alkyl nitrites (me thyl, ethyl, propyl and n— 
butyl) as nitrosylating agents have been described in chapter six. 

A comparison of various S— nitrosoderivatives used for nitro— 
sylation reactions has been briefly discussed in chapter seven. 

Chapter eight summarizes all the work described in the 
thesis along with a few proposals for the future work. 
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CHAPTER ONE 


INTRODUCTION 


During the past couple of decades a great interest arose 
in the study of metal nitrosyls because of their unique reactivity 
and their use as catalysts in many reactions. Ruthenium nitrosyls 
have been used in introducing N— C bond in many organic compounds 
and conversion of poisonous CO gas into CO 2 rhodium and 

iridium ones, as catalysts [lO— I 7 ] and in the synthesis of novel 
rhodium and iridium complexes [I 8 — 45]. Despite a large number of 
metal nitrosyl syntheses procedures available in the literature, 
the one related to the interaction of gaseous NO with metal ions 
and their complexes is still preferred over others . However its 
theirmodynamic instability coupled with its being a menancing pollu- 
tant sometimes puts a constraint on its being of generalized 
applicability. One is, therefore, boxind to rethink towards design—; 
ing new synthetic procedures. One possible route could be in situ : 
generation of NO by the cleavage of weak S-NO bond or 0— NO bond 
with its subsequent trapping by metal ions. One possible advantage; 
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of such a- procedure will be that because of generating it inside 
the system itself, there is a low possibility of pollution due 
to NO. 

The study connected to transition metal nitrosyl synthesis, 
reveals that the trans nitrosation reactions using a range of 
transfer nitrosating agents like alkyl nitrites, nitrosamines, 

NOX (X = Cl , Br , Br^ and NO^ ) have also been widely used for 
the nitrosyl synthesis. One of the reasons for this upsurge of 
interest resulted, at least in part, from the attempts for finding 
new nitrosylating agents. In all these systems, advantage has been 
taken from the weakness of O— N or N— N bonds. Literature survey 
however indicates practically no work towards in situ trapping of 
NO by the metal ions, generated by the cleavage of weak S— N bond 
despite their large applications to effect the nitrosation of 
alcohol and secondary amines [46]. Thionitrites lends particularly 
well to such a study because of very large variations in their half 
lives (from a few seconds to months) of their thermal decomposition 
They, undergo homolytic S— N bond cleavage both thermally and photo— 
chemically [4?]. Since such a process has successfully been utili- 
zed in the synthesis of C-nitroso compounds and in the nitrosation 
reactions of amines and alcohols [48], it has a potentiality of 
being a good nitrosylation process too, according to which NO 
generated in situ by thermal decomposition of S-N bond of S-nitroso 
derivatives will be trapped by the metal ions and their complexes. 
Temperature dependence of S-N bond cleavage in S-nitrosoderivatives 
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■vlll further add to the interest, because in most of the cases ^ 
the percentage yield of the nitrosyl products, using NO as a nitro— 
sylating agent, is temperature dependent (some nitrosyls can not 
he synthesized e-ven at room temperature) [49], Thus by choosing 
a particular set of S— nitrosoderivatives one may be able to 
synthesize only a particular set of metal nitrosyls. For example, 
a set of thionitrites like those decomposing at elevated tempera- 
tures, may be specific for the synthesis of those which are formed 
at higher temperatures and vice versa. 

Another series of compounds of equal promise are alkyl 
nitrites . Because of the weakness of the 0— NO bond, thermal cleav- 
ing of the latter with subsequent trapping of NO by the metal ions, 
may provide another synthetic route of metal nitrosyls with NO 
generation in the system itself. It should be appreciated here 
that the ease of alkyl nitrite formation parallels that of their 
hydrolys is under acidic conditions yielding HNO2 [bo] . Literature 
cites practlcalll 7 no work in this direction except the use of 
pentyl and isopentyl nitrites used as nitrosylating agents and 
that too, only in a couple of reactions [51-56] and methyl, ethyl, 
propyl and n-h)Utylnitrite [57 ] for the synthesis of metal nitrosyls I 
at higher temperatures. A detailed study of reactions of various 
alkyl nitrites ^^nder varying reaction conditions therefore warrents I 
further attention for their utility in the metal nitrosyl synthesis.^ 



The present work concerns with the experimental details of 
the use of thionltrites and alkyl nitrites in the metal nitrosyl 
synthesis and with the discussion of the results obtained thexe— 
from. 

Reactions of various metal ions and their complexes with 
four S-nitrosoderlvatives (penicillaminothionitrite, trityl thio— 
nitrite, S— nitrosocysteine and nitrosothiourea) having different 
thermal stabilities towards denitrosation have been carried out 
under varying reaction conditions. HCl, chlorine gas or/ and HgCl2 
have been used as catalyst and as a source of chloride ions , wtaere— 
ever necessary. 

Reaction of penicillamine thionitrite witli different metal 
ions and with the complexes of ruthenium, rhodium, iridium, cobalt 
and molybdenum yielded pure nitrosyl complexes in reasonably good 
yields (ca 70 ^) in presence or in the absence of HgCl2 or HCl gas 
at elevated temperatures. The resxilts suggested smooth denitro- 
sation of penicillamine thionitrite at elevated temperatures in 
alcoholic medium affording metal nitrosyls with yields compaxable 
to those when MRTS was used for nitrosylation . A great promise 
has thus, been shown by penicillamine thionitrite as a versatile 
nitrosylating agent. 

Reactions of trityl thionitrite with ruthenium metal and 
its complexes could not yield the pure nitrosyl complex in aLbsence : 
of HgCl2 or HCl gas. Rather it gave sulfide containing complex. 
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In presence of HgCl2 or HCl gas, the literature known nitrosyl 
[ru(NO) C l^ (PPh^) 2] was obtained. Its reactions with rhodium and 
iridium salts in presence of coligands and their complexes yielded 
pure nitrosyls indicating the importance of the use of HgCl2 or HCl 
gas in the denitrosation process. 

Reactions of S— nitrosocysteine with ruthenium and rhodium 
salts and their complexes did not yield the literature known pure 
nitrosyls in the absence of catalysts in the presence of HgCl2 pure 
nitrosyl complexes were obtained. In its absence it yielded nitro— 
syl products containing disulfide formed as a result of denitro— 
sation . 

Reactions of nitrosothiourea with different metal ions of 
the first transition series yielded thiocyanate complexes, in the 
reaction conditions under which the nitrosyls have previously been 
synthesized. Only those metals which have very high affinity for 
nitrosyl group, on reacting with nitrosothiourea yielded the nitro— 
syl complexes, suggesting that it may not be used as a good nitro— 
sylating agent. 

Although the nitrosylation reactions using alkyl nitrites 
as nitrosylating agent at higher temperatures have been carried 
out by Khan et al [ 5 ?]. In order to examine their general appli- 
cability for nitrosylation, reactions of alkyl nitrites (RONO, 

R = Methyl, Ethyl, Propyl and n— Butyl) with different metal ions 
and complexes of the first transition metal series have been 
carried out under varying reaction conditions at room and lower 


temperatures 
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1.2 Chemistry of Transition Metal Nitrosyls 

A number of review articles dealing with nitrosyl chemistry 
at length are available in the literature [58—74]. Though a few 
of those are comprehensive [59,63,65] the majority are concerned 
with the particular aspects, like their structures and bonding [64, 
66 , 72 ], synthetic routes [68], organ ometal lie nitrosyls [61 ], 
reactions of coordinated nitrosyl group [ 70 , 72 ], transition metal 
nitrosyls in pollution control and organic synthesis [73], etc. 

Since the decade begining 1974 has seen an enormous increase in 
the studies of metal nitrosyls, the following overview is an effort 
to update the most recent accessible review on metal nitrosyls. 
Further emphasis will be given on their synthetic methods, reativityj 
bonding and structural aspects. No attempt will be made to cover 
the chemistry of all the elements. It is limited to the latest 
significant developments in the nitrosyl chemistry of Ru, Co, JRh, 

Ir, Mo and W. I 

1.2a Synthetic Routes 

The different main pathways to synthesize the metal nitrosyls! 
are, (1) Direct insertion of NO, (2) reactions of ionic nitrosonivun | 
salts, (3) reactions of NOX (X = Cl"*, Br“, Br^", NO 2 '") , (4) reaction; 

of alkyl and alkali metal nitrites, (5) reactions of nitrosamides, 

(6) reactions of hydroxylamines,(7) reactions of nitric acid, 

(8) reactions of bis (triphenylphosphine) nitrogen (+1) nitrite and j 

(9) reactions of transition metal nitrosyls. Of these routes, the 
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first has been very widely used while the potential of (4) , (5) / 

(8) and (9) are now in the process of being studied. 


A.l Nitric Oxide 

Easy availability^ high product-yield with concoininitantly 
fewer side reaction products/ less unusual reaction conditions are 
a few attributions that favour the applicability of nitric oxide 
in the transition metal nitrosyl synthesis. Unlike carbonyl 
compounds, where high temperature and high pressure reactions are 
employed for the synthesis, nitric oxide has not been used under 
these conditions because of its oxidising properties and thermo- 
dynamic instability, some of the synthetic applications are as 
follows: 

A. 1(a) Addition of Nitric Oxide 

Introduction of NO group takes place in complexes contain- 
ing 17 or 15 electron configuration so that NO can supply either 
one (NO acting as NO ) or three (NO acting as NO"^) electrons to 
achieve the inert gas configuration. 

Thus , 


[Ni(ri^C^H^) ] + NO 

— > [Ni(T]^Cj^H^)NO] 

[75] 

[C 0 CI 2 L 2 ] + NO 

[C0(N0)Cl2L2] 

[76] 

[cr(NR2)3] + NO 

— 9^ [cr(NO) (NR 2 ) 3 ] 

[ 77 ] 
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L0O2(00)g] + 

NO 


[0 o(C0 )2N0] 

[78] 

[Pe (acacen) ] 

+ NO — 

> ■[[ (NO) Fe^cacen(N0)2} 

[ 79 ] 

[0ol2(PMe2)2 

] + NO • 


[00 (no) l2(PMe2)2] 

[80] 

[FeL(OgH^) + 

NO 


[FeL(0gH^)N0] 

[81] 

(L = octaethylporphyrin) 



[whMb] + NO 


-4 

[WhMb(NO) ] 

[82] 


A. 1(b) Substitution of ligands by nitric oxide 

In the substitution reactions of 18 e complexes, the inert 
gas configuration of latter is preserved as a result of substitut- 
ion of one electron donor (halide, alkyl etc) by a bent nitrosyl 
or more generally n, two electron donors by -j- NO, groups. A few 
of the examples are 


[m (00)21-2012] + NO > 

(M = Mo, W) 

[Fe(CO)^] + NO > 

[RuH^L^] + NO > 

[lrH(C0)L2] + NO > 

[irH {.P(OPh) 2 ] 4 ] + NO > 

[t7^(C^H^)Ru ( 00 ) 201 ] + NO > 


[m(N0)2012L2] 

[83] 

[Fe (NO) 2 (00) 2 ] 

[ru(N0)2L2] 

[84] 

[ir(NO) (C0)L2] 

[85] 

[lr(N0)^P(0Ph)2} 2 ] 

[86] 

[ (7] O^H^)Ru(NO)C12] 

[87] 
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However in some of the cases introduction of NO group may 
not lead to an inert gas configuration. Thus/ in the following 
examples fourteen electron system is going into fifteen electron 
one^ 


[Pe(chel)2] + NO — > [Pe(NO) (chel)2] [SS] 

(chel = dithiocarbamate, dimethylglyoxime/ schiffs 
base or porphyrin) 

In case, the precursor complex is short of one electron 
from the inert gas configuration, the extra electron is achieved 
by substituting one two electron donor ligand by NO which will act 
as three electron donor, 

[OsCl^ (SbPh^) + NO > [Os (N0)C12 {SbPh2)2]2 + SbPh^ [ 89 - 9 o] 

[v(CO)g] + NO > [v(CO)^NO] + CO [ 91 - 92 ] 

[Ru(S2CNEt2) 3] + NO >[ru (NO) (S2CNEt2) 3 ] 

(one dithiocarbamate is monodentate) I 

Reaction pattern becomes complicated when precursor metal 
complex is short of an even number of electrons (usually two) from i 
the inert gas configuration. Under these circumstances two nitrosyi 
groups may substitute two ligand molecules producing a coordinati— [ 

' ' ■ . i 

vely saturated species, I 

ML^ [m(NO)2L^_2] + 2L [ 

The above behaviour accounts for the following reactions. | 
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[Rh{C 0 ) 2 Cl] > [RhCNO^Cl]^ [93-94] 

Substi-tu-tion of one electron donor such as hydrogen may by 
NO results in the formation of metal— metal bond. 

H^IrCl^ > [ir (NO) 2^12 [95] 

o 

The dirner# having no bridging groups has Ir-Ir bond (2.717A). 

The reaction of NO, with a coordinatively unsaturated comp- 
lex often results in a redox reaction sometimes reducing the metal, 
while the remaining times disproportionation of NO, takes place. 

A. 1(c) Reductive nitrosylation 

Nitric oxide with an electron in its n orbital sometimes 
functions as a reducing agent during nitrosylation reaction. Higher 
halides of Mo and W are among several systems which undergo reduct- 
ive nitrosylation [96—98] . Thus, 

[moCI^ (CH^CN) 2 ] + NO > [mo(N0)2C12(CH2CN)2 + 2N0C1 i 

[wclg] + NO > [W(N0)2C12] I 

A. 2 Nitrosonium ion (NO'*’) as nitrosylating agent 

The salts of NO'^'x (X = BF^ , PF^ , HSO^ ) provide excellent | 
sources of NO^ in transition metal nitrosyl synthesis. Nitrosylat— | 
ion of metal ions with NO^X may proceed either by the addition or 
by the substitution process. A few examples of these reactions are | 
listed below/ 
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[RhCl(PPh^)^] + NO"^ 

[Rh(NO)cl(PPh2)2]*'‘ 

[99] 

[ir ( 00 ) 0112 ] + NO*'' 

[ir(NO) ( 00 ) 0112 ]*'' 

[ 100 - 101 ] 

[Rh(PPP)Ol] + NO*'* 

[Rh(PPP) ^NOOl]*'' 

[ 102 ] 

[ (OOD) Ir(+p2) Ip + NO*'* 

-> [ ( 000 ) 2 Ir(+pz) 2 N 0 ]*'' 

[ 103 ] 

[ru(N0)01L2] + NO*** 

[ru(N0)2C112]''' 

[104] 

[mo (00)^1 + NOPF^ ‘ 

^ 6 6 

-9 [Mo(N0)2(PFg)2] 

[ 105 ] 

= NOPF. 


[RuOl(PMe2)2^’l ^5^^) ] 

-2^ [ru(NO) (PMe2)2 J 

[IO 6 ] 

[W( 00 ) 4 (PPh 2 ) 2 ] + NOPFg — 

[w(00)2 (NO) (PPh^)2] 

[ 107 ] 

[Fe ( 00 )^ 12 ] + NO*'' 

—7' [Fe (NO) ( 00 ) 212 ]^ 

[54,108] 

[M(r)^O^H^) (00 )l] + NO*** 

[M(n^0^H^)N0l]*^ 

[109] 

(M = Oo, Rh) 



[wCOH^ON) 2 (CO) 2 ]+ NO*'* 

— ^ 0is[w(N0)2(C0) (OH^CN)^]^'^ 

[ 110 ] 

[m(N0)L2] + NO*'" 

-4 [M(N0)2l2]'^ 



(M = Rh, Ir) 

. CH^ClVEt^O 

[ru^ (CO)g(PPh2)^] + NO'^ — ^ ^ [Ru(NO)2(CO)2(PPh2)2] 

[110,111] 

A. 3 NOX (X = Cl~, Br~, and N02’~) as n.i trosylating agent 

Oxidative addition of NOX with metal complexes in which tlie 
oxidation nuinber of the central metal atom either remains the same 
after substituting the ligand molecules by NO and/or X or increases 



by the addition of MO and X ,has provided a potential synthetic 
procedure for many transition metal nitrosyls . Out of a large 
number of reactions a few are given below. 
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[moC 12(C0)2 (PPh2)2] + NOCl 

-4 [mo(N0)c 12 (0PPh2)2J 

[ 112 ] 

[RuC 12L^] + NOCl 

— > [ru(NO)C12L2] 

[113] 

[PtX^]^” + NOCl 

-> [PtX^ (NO)Cl]^~ 

[114] 

(X = Cl, NO 2 , cn) 



[M(CO)g] + NOCl 

— > [m(N0)2C12] 


(M = Mo, W) 



[M(CO)g] + NOBr 

— ^ [M(N0)2Br2] 

[ 117 ] 

(M = Mo, W) 



[Rh(C0)Cl(PPh2)2] + NOCl 

[Rh(NO) (C0)Cl(PPh2)2 

[ 1 I 8 ] 

[Ru(7i^C^H^)Cl(PPh2) ] + NOCl 

-4 [RuCnOcI^ (PPh2)2] 

[119] 

[ru(R) (C 0)2C1] + NOCl 

[ru(N0)RC12] 

[ 120 ] 

(R = r]^C^Me^) 



[lr(C0)cl(PPh^)2] + NOBr^ 

— ^ [ir(CO) (N 0 )Br(PPh 2 ) 2 ] 

[ 121 ] 


Recently a convenient route for the synthesis of the complex 
(NH^)2 [Ru(N 0) Cl^], involving the reaction of RuCl^ .XH 2 O with NOCl 
in presence of excess triphenylphosphine in alcoholic medium has 
been described. 

RuCl^ .xH20fPPh^ + NOCl -ii) (NH^)2 [Ru(N0)c1^] [l22] 
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A .4 Alkyl nitrites as a source of nltrosyls 

A study of the synthetic nitrosylating reactions indicate 
that the potential of alkyl nitrites for introducing NO in metal 
complexes has been utilized only in a few cases [51—56] . It 
therefore needs more extensive studies. A few known examples of 
such reactions include/ 

[Pe(co) (PPh 3 ) 2 r lscpen^|l . nitrite ^ (CO) ^ (PPh^) [l23] 

6 

Metal chlorides of group VIII react in alcoholic medium to yield 
the corresponding nitrosyls/ 

MCl^ .XH 2 O + + n pentyl nitrite ) [m{NO) Cl^ 2 ] [55,5 6] 

(M = Ru, Os) 

MCl^ .XH 2 O + + n pentyl nitrite } [m (NO) CI 2 (PPh 3 ) 2 ^ L^'S] 

(M = Rh, Ir) 

NaN 02 and KNO 2 have also been utilized in metal nitrosylation 
reactions, 

{NiX2(PPh2)2] + NaN02 ^ [Ni(N0)x(PPh2) 2 ] [l24] 

(X = Cl7 Brr l7 no”) 

AcOH/HCIO 

[Rh(NO) (NO 2 ) (PPh2)2] 



[RhCKPPh^)^] + KNO2 


MeOH 
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The equilibrium reaction, underlying the method is given below, 

NO^” + 2H^ ^ H,,0 + NO"^ 

Z Z 

Godwin and Meyer [l25] have successfully distinguished between the 

4* 

above reaction (attack of NO generated by acidic solution of 
nitrite salt on metal complex) from coordination of NO 2 / followed 
by oxygen abstraction according to the following pathway* 

— -i. O I 

[ru(L-L)2H20x] + NO 2 /H > [ru(NO) (LL)2X] [i26] 

(L-L = 1, 10-phenanthroline, 2, 2 ’-bipyridyl) 

Vaska's complex interacts with NaN02 in benzene/alcohol to yield 
[ir ( no) (PP h^ ) ]20, which possibly has a metal-metal bond [l27]. 



Khan, et al . [57 ] have used methyl, ethyl, propyl and n-butyl 
nitrite for preparing metal nitrosyls in alcoholic medium. 

MCl^.xH^O + PPh^ + MeONO > [mc 1_ (NO) (PPh_ ) ] 

3 z 3 3 .3 z 

(M = Ru, Os) 

MC1^.xH 20 + PPh^ + MeONO - — [m(NO) Cl 2 ( PPh 2 ) 2 ] 


(M = Rh, Ir) 
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A. 5 N—nitros amides as nitrosylating agent 


N— nitrosainides such as N— methyl— N—nitroso urea, N— nitroso 
N— methyl— p— toluene sulphonamide react with a large number of metal 
hydrides to yield metal nitrosyls. In these reactions a hydrogen 
atom is substituted by nitrosyl group. Though it is expected that 
a bent nitrosyl complex will be the reaction product, it is, how- 
ever, consistently found that the extrusion of a two electron 
donor ligand accompanies these reactions with the formation of 


linear nitrosyl complexes. Thus, 

[HMn(CO)^] + MNTS > [m(CO)^NO] + CO [iSs] 

[moH(CO) 2 ] + MNTS > [mo (CO) 2 N 0 ] [l2?] 

[MHCI 2 L 2 ] + MNTS } [m (NO) €12^2 J [13 O] 

RUCI 2 .XH 2 O + PPh^ + MNTS ) [ruCnOcI^ (PPh 2 ) 2 ] [l3l] 

[HFeCl (dppe) 2 ] + MNTS ) [pe (dppe) 2 N 0 ]'^ + Cl [l3 2 ] 

[Mn(C 0 )^(PPh 3 )J ^thyb [Mn(NO) 3 (PPh 3 ) 3 ] [52] 

urea 

[(r)-C^H^)M(C0)3]" + MNTS ) [ (t75c^H^) M(C0) 2 NO] [iSs] 

(M = Cr, Mo, W) 


Interestingly, N-nitrosoalkyl urea reacts with [co(C0)2op] to 
yield a complex having one CO and one NO bridge between two metal 


centres . 
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[co(C0)2cp] 




Khan, et al . [ 135] have used N-nitroso—N— methyl aniline, diphenyl- 
nitrosamine, N— dibenzylnitrosamine, N— nitroso N— phenyl 

benzylamine, N— nitroso— N— methyl urathane, N— nitrosodiethylcynamide 
and N-nitroso-N— methyl aminopyridine for preparing a variety of 
metal nitrosyl complexes in alcoholic medium. 


MCl.xHoO + PPh^ + DPNA or NNMU > [m(NO) Cl, (PPh. ) ^ ] [l35] 

323 33 2“' 

(M = Ru, Os) 

MCI 2 .XH 2 O + PPh^ + DPNA or NNMu [mc 12(N0) (PPh 2 ) 2 ] 

(M = Rh, Ir) 

N— nitroso compounds with electron donating groups, like 
dimethylnitrosamine or diethylnitrosamine have not been found to 
be very effective nitrosylating agents. Instead they prefer to 
coordinate to the metal ions tlirough N— atom because of tlie increa- 
sed electron density on the N atom attached to the NO group. 


RuCl^ .XH 2 O + PPh^ + 



Cl2(PPh2)2] [ 135 ] 
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Following two different reaction mechanisms have been propo- 
sed for the nitrosylation reactions using nitrosamides . 


(i) HML 


^ HML , + L 

n n— 1 


HML , + R-NO > [llM(R-NO)L ,] 

n— 1 *- I n— 1 


[m(NO)L^_^] + RH 


(ii) HML + R-NO 
n 


■> H ML > metal nitrosyl 

I I n 

j I 

I , 

i • 

k- NO 


A. 6 Hydroxylamine as a source of NO 

Heiber, et al . [l 3 t>, 137 ] and Wilkinson and his coworkers 
[138/ 13 9 ] have successfully utilized hydroxlamine as nitrosylating 
agent in tlie synthesis of transition metal nitrosyls under strongly 
alkaline/cyanide medium. Wilkinson, et al . have synthesized 
K^LcrCNO) (CN)^].H20 using OrO^ and vd^ , respectively as react- 
ants. The procedure has mainly been utilized in the synthesis of 
cyano complexes. Strongly alkaline medixim was found to be necessary 
for activating the nitrosyl group because of the following reasons 
[l 36 , 140 ]. 
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2NH2OH ) NOH + NH^ + H2O 

NOH + OH~ > no” + H^O 

NO / thus generated, acts as a reductive nitrosylating 
species . 

Hh* 

Depending upon the pH, NH2OH may generate NH^ , N2 or 

N2O [l 4 l]. A few of the reactions in which NH2OH has been used as 
a nitrosylating agent are given below. 


[Mn(CN)g]^'~ + NH2OH ■ 

OH ^ 

[jMn(NO) (CN) 


[ 142 ] 

CrO^ + CN” + NH2OH 

oh” ^ 

[cr(NO) (CN)^]^” 


[l 38 j 

[Ni( (CN)^]^“ + NH2OH 


[nKno) (CN)^]^” 


[ 143 ] 

[co(CNR)^x] + 2NH2OH ■ 

oh” ^ 

[Co(NO) (CNR) + 

2 CNR + H^O 





+ NH^X 

[14 0 ] 

[Fe(CNR)^x] + 2NH2OH ■ 

oh”^ 

[Pe (NO) 2 (CNR) 2] + 

2 CNR + 2H2O 





+ 2NH4X 

[l 40 ] 


It is interesting to note that it can be used as nitrosylat- 
ing agent in alkaline, neutral as well as in acidic medium. 
Compounds synthesized from NH2OH under acidic, neutral or alkaline 
conditions have invariably linear M— NO, group. This has been 
confirmed by X— ray crystal structure data. 

^ NH^OH 

[mx(no)l^]"^ + L ) [mx(N 0 )L^] 

It is the first reaction to generate [m— NO]^"*" group. 
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A . 7 Nitric acid as nitrosylating agent 

Concentrated nitric acid has been employed in the synthesis 
of nitrosyl complexes preferentially in high oxidation states. 

The identity of the nitrosylating species during the course of 
reaction is still obscure. Probably the nitrosylation reaction 
proceeds via oxidative addition of N0"^N02 . A few of the following 
examples support this view.* 

[ReH^b^] + HNO^ ) [Pe (NO) (NO^ ) 2] [l 44 ] 

[M(CN)g]'^'“ + HNO^ ^ [m(NO) (CN)^]^“ [l 45 ] 

(M = Pe, Ru, Os) 

RUCI.XH 2 O + HNO^ ■ ) Na2[Ru(CN)^(N0) j.H20 [l^s] 

A. 8 Bis (triphenylphosphine) nitrogen (+1) nitrite [ppN(N 02)] as a 
nitrosylating agent 

Bis (triphenylphosphine) nitrogen (+1) nitrite has recently 
been found as a new versatile nitrosylating agent for the metal 
carbonyl complexes [147-148]. Introduction of NO is generally 
accompanied by the loss of C02.PPN(N02) has commonly been used for 
preparing nitrosyl clusters. 

[YCCO3(C0)g] + PPtKNO^) PPNlYCCOjCCOj^HO] [l4 9] 

( Y > Me, Ph, COOH, (C^H^) Fe (C^H^) ) 
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[03^^0(1)2(00)24 + PPN(N 02 ) 00 + OO2 + [Os^qO (I) (00)22^^0) ] 

[l 50 ] 

[Pe(OO)^] + PPN(N 02 ) ^ PPN[Fe(N 0 ) ( 00 )^] + 00 + OO2 [l 47 ] 

[Ru^O(OO)^^] + PPN(N 02 ) [pPNRu^ 0 ( 00)^2 ] [l 5 l] 

A .9 Transition metal nltrosyls as nitrosy lading agents 

A few of the transition metal nitrosyls have successfully 
been utilized in the syntliesis of the other transition metal 
nitrosyls. [oo (NO) (DMG) 2] with excellent solubility properties 
have been prooved to be a potential transfer nitrosating agent in 
a number of reactions. The reaction of [oo(NO) (0110)2] with metal 
complexes can follow two path ways [l 52 ] (I) simple nitrosyl 
transfer. The following are the examples/ 

[oo(NO) (DMG)2]Hb^ > [go(DMG )23 + [m(N0)L^] 

2[go(N0) (DMG)2] + [ 00 GI 2 L 2 ] > [go(N0)2L2'^01'] + [ 00 ( 0110 ) 2 ] + 

[go(DMG) 2 C 1 ] [152] 

and (II) nitrosyl/halogen interchange or redistribution reaction, 

[ 152 ] 

[ 153 ] 

[153] 


[Oo (NO) (0110)2] + MOIL^ — 
[oo (NO) (DMG) 2] +[NiGl2b2]- 
[go(NO) (DMG)2] +[RhL20l]— 
[oo (NO) (DMG) 2] +[RuL2G12]- 


[GoG1(DMG)2] + [m(N0)L^] 
[Ni(N0)GlL2] + [goG1(DMG)2] 
[Rh(N0)L2] + [GoG1(DMG)2] 
[ruG1(N0)L2] + GoG1(DMG)2] 
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[co(N0)2X]o reacts with carbonyl hydrido 

phosphine vanadium complex to yield [v (NO) 2 (THF) ^ ]x and [vCCO)^"' 
(no) ( dppe) ] in dark. 

[vH(CO)^dppe] + [coX(NO) 2]2 > [v (NO) (CO) ^dppe] [l 54 ] 

(dppe = Ph2PCH2CH2PPh2) [v (NO) 2 (THF) ^ ]x 

Some other representative reactions, where coordinated 
nitrosyl group of one complex has been used for the transfer 
nitrosation reaction, are^ 

[Rh(NO) (PPh^)^] + [coCl2(PPh2)2] > [RhCl (PPh^) 3 ] + 

[co(NO) Cl(PPh3)2] [45] 

[ (t]^C^H^)V(C 0) + [co(N 0 ) 2 Br ]2 [ (g^C^H^) V (CO) 2 (NO) 2 [l 55 ] 

[ (r]^C^H^) M(C 0 ) ^]2 + [co(N 0 ) 2 C 1]2 > [ (ti^C^H^) M(CO) 2 (NO) ] [l 56 ] 


(M = Cr, Mo, W) 



[MnycO)^^^(PR3)J 

+ [coX(N0)2]2 > 

Cis[lMnX(C0)^PR2] + 

(X = cl, Br, I) 

[Mn(PR2) (NO)^] + 

[co(CO)^NO] + [co(CO) 2 PR 3 (NO) 


[ 156 ] 

Following examples clearly indicate that the nitrosyl trans- 
fer reactions are not limited to only [co(NO) (DMG)2]/ [co(N 0)2X] 
and [Rh(NO) (PPh^) 3 ]/ but it also takes place using other metal 
nitrosyls . 
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[m(N0)2L2^ ^ ^ 2[m(N0)XL2] [158] 

(M = Ru, Os) 

[co(NO) > [M(NO)f;!' ] + [l59] 

(M = Cr, Fe) 

Suinmarily one may conclude that the nitrosation reaction 
using metal nitrosyls as nitrosylating agents takes place when the 
nitrosyl acceptor is coordinatively unsaturated. 


I.2B Reactivity of transition metal nitrosyls 

NO molecule has 15 electrons and is a stable free radical. 

It can readily be oxidised to NO"*" but, the reduction of NO to 

yield NO does not proceeded in a simple fashion. Instead, a 

2 - 

dimeric species N 2 O 2 is formed . Attempts have been made to 
correlate properties of nitrosyl complexes with the charge assigned 
to the coordinated NO group. Most commonly used criterion to deter~- 
mine the charge on NO has been the position of in the i.r. 

spectra. A better criterion is the stereochemistry of M— NO group- 
ing. In principle, there are three special cases where M— NO bond 

angle can be specified. These are^ when the hybridization of 

2 3 

nitrogen atom is sp, sp and sp . In case, the conventional ligand 
field premise is followed, the NO has a charge of +1 when sp, 

3 2 . . 

hybridized, of —1 when sp hybridized and zero when sp hybridized. 

As has been cited previously, it functions both as an electron 

donor (NO"^) or as an electron acceptor (NO ) , depending on the 
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nature of the metal ions . In some cases the bonding may be as 
^2^2 * Consequently, the bonding mode determines the partial 

charge, that develops on the nitrogen and the oxygen atom of the 
bonded NO group resulting in the interesting variation in its 
reactivity [69], It has, thus, been demonstrated that the comple- 
xes with linear M— NO (charge +1) and with usually greater 

than 1850 cm ^ undergo nucleophilic reactions, while, those with 
bent M— NO (charge —1), electrophilic reactions [l60] . Another 
reason for investigating the reactivity of the coordinated NO group 
largely sterns from the attempts to remove, or atleast diminish the 
concentration of NO in the exhaust gases emitted by the internal 
combustion engines, which has an important bearing on pollution 
control. Furthermore, there exists a definite possibility of 
forming organo-nitrogen compounds using nitric oxide in reactions 
assisted or moderated by transition metal catalysts. Tables I.l 
through I .5 summarize the results of the reactions of metal nitros— 
yls with nucleophiles (OH / , NCO , OEt , NH^, N 2 H^, NH 2 OH, 

ArNH 2 , etcj and electrophiles (HCl, PhCH 2 Br, ©2 etc.) . The 
results of the reduction insertion and other reactions undergone 
by the transition metal nitrosyls specially those of ruthenium, 
rhodium, iridium, cobalt, molybdenum and tunguston are described 


therein. 



Table I.l . Reactions of the nitrosyl complexes of ruthenium 
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I.2c Structure and bonding mode of nitric oxide in transition 
metal complexes 

In transition metal nitrosyl complexes/ nitrosyl group is 
generally considered to be bonded through tlie nitrogen atom. 
Although substantial evidence has accumulated for metal nitrogen 
coordination in metal nitrosyls, there are also a few cases where 
there is a possibility of bond;lng between metal and oxygen atom of ; 
NO [212J. However the following are three principal modes of bond- 
ing in nitrosyl complexes when metal is bonded through N or NO. 

( 1 ) Terminal (linear M— NO) bonding 

In this mode of bonding it is assumed that there is first 
a transfer of unpaired electron from the rt orbital of NO to the 
metal atom/ followed by the formation ofatj-bond as a result of 

-J- 

interaction of a lone pair of electrons on nitrogen atom of NO 

ion with the metal orbital. This sigma donation is reinforced by 

+ 

the Ti back donation from metal to n orbital of NO . In this 
scheme the coordination of NO to the metal thus takes place in the ; 
form of three electron donation. From the molecular orbital 
description it is apparent that the n bonding description leads to i 
the linear mode of coordination. However the wide variation of tha 
position of in this type of coordination is a bit misleading ; 

which can be best rationalized from the valence bond picture. 
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sp 


M M 

(I) (II) 

In this type of bonding the nitrogen atom of nitric oxide 
is in sp hybridization vvith M— N— 0 bond angle remains in the region 
175-180° and the observed bond length is found to be shorter than 
the normal single bond distance suggesting multiple nature of M— N 
bond. 


(2) Terminal bent (M-N— 0) bonding 


This is other extreme of bonding of NO in the metal nitrosyl 

complexes. Here metal nitrogen and oxygen atoms are not colinear. 

4 - 

Here NO is believed to behave as a I.ewis acid and accepts an elect r' 

*f* 

pair from the metal (base) to NO . It suggests that NO can be 
treated formally as one electron donor and resulting charge on NO 
should be NO . In terms of valence bond representation# the bond- 
ing can be written by the following two canonical forms. 


In. 


M' 


•.N< 

^ i:n+2 , 2. 

-> M (sp ) 


In this type of bonding the nitrogen atom of nitric oxide 

9 

is in sp hybridisation with M-N— O bond angle in the region 120— 
125°. It has a longer NO bond length and a large trans influence. 



40 


(3) Bridging M— N— 0 binding 

The nitrosyl group like carbonyl group can also form bridge 
between two or three metal atoms, an example of the complex having 
bridged NO group is [wn ^ (NO) ^] . 


O 

N 



Briding Mode of Binding 

Although some principles and generalisations have been 
derived from structural[lOO, 101, 104 ] and spectral data [213,217] 
of nitrosyl complexes, a complete assignment of the factors that 
determine one type of bonding over the other has not been fully 
described. ; 

C.l Infrared spectral studies 

The infrared spectroscopy provides one of the most convenient 
methods of characterization of bonding modes of metal nitrosyls. 
Nitrosyl complexes have a characteristic intense absorption in the 
region 1500—2000 cm The NO frequency in the linear M— NO struct- 

ure generally appears at higher value than that in the bent 
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structure [216], Attempts have been made to relate the positions 

of the absorption bands due to to the charge present on the 

nitrosyl group. This rule is, however misleading, since the position 

of depends on the coordination number, the oxidation state of 

the metal ion in the complex and its geometry. There is so much 

overlap in the frequencies of linear and bent nitrosyls in 

_1 

1600—1720 cm range that a definite assignment to a particular 
configuration is not generally possible. 

Ibers [217 ] after examining several hundred nitrosyl comple- 
xes, has however, proposed a set of rules relating the position of 
(Vj^q) and its mode of binding in the complexes. According to him 
the following corrections in the stretching frequencies of NO, 
should be made in the observed frequency of , 

(i) substraction of 50, 30 and zero from tlie value of for 

the first, second and third row transition metal ions, 
respectively . 

(ii) Addition of 100, 50 and zero in the frequency values of (Vjjq) 
for VIB, VIIB and VIIIB group metal ions respectively. 

(iii) Substraction of 140 and 80 for complex ions having charge 

+2 and +1 respectively. Addition of 80, 140 and 200 for the 
complex ions having charge —1, —2 and —3 respectively. 

(iv) Addition of 20, 50, 60 and 20 for third PR^ fourth 
CgH^PR^ and H respectively. 

(v) Addition of 50 for four coordination complex. 
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After applying these corrections, the stretching frequencies 
fall at least in to two groups. 

(a) The complexes, having below 1610-1620 cm will have 

bent nitrosyl ligand. 

— 1 

(b) The complexes having about 1610—1620 cm will have 

linear nitrosyl ligand. 

Attempts have also been made to assign bent or linear M— NO 

structures on the basis of A (the difference between v (15„_) and 

v{14j^q)) [2l9-22o]. Complexes containing linear nitrosyl, have 

— 1 

A value between 36 and 44 cm whereas those containing bent 
nitrosyl, have a values between 25—28 cm ^ . 

In the spectra of those nitrosyl complexes where the posit- 
ion of occurs at 1500 cm ^ and slightly below, nitrosyl 

group acts as a bridging ligand between two metal centres [221-222] . 

2 — 

The coordinated hyponitrite, ^20^ , absorbs around 1185, 1045 and 

930 cm“^ [223-225]. 

Prediction of coordination geometries in nitrosyl complexes 

Eight empirical rules have been formulated by Ibers [22 6] 
for predicting the geometry of transition metal nitrosyl complexes. 

(1) Without the assistance of special ligands, first row transit- 
ion metals usually do not have enough reducing power by them- 
selves to bend the nitrosyl ligand, second row metals often do 
and third row metals usually do. 
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(2) The number and size of bulky ligands play an important rolej 
they usually go in the least sterically hindered positions. 
With one such ligand present, it usually occupies the non 
axial position, with two present, both are usually trans to 
each otliier and occupy the axial sites in TBP and non axial 
in SP. VJith thi'ee present, the SP geometry is usually not 
found, and all three would occupy the non axial sites in TBP. 

(3) Strong K acceptor ligands cf. CO and NO (linear) and also c?- 
donor ligands with lai'ge trans effect, such as H and (NO) 
bent, prefer not to be trans to each other in any combination 
if possible. 

(4) Re and probably W and Mo, which form strong metal nitrogen 
multiple bonds and prefer ligands which are good n acceptors, 
retard the bending of attached nitrosyl ligand. 

(5) Bidentate ligands such as tetramethylethylenediamine, 1,10— 
phenanthroline, 2, 2— bipyridine, 0-phenylene bis (dimethyl 
arsine) and 1, 2— bis (diphenylphosphine) ethane, usually favour 
TBP geometry with equatorial NO, when two such ligands are 
present. 

(6) Special tnultidentate ligands can promote one geometry over 
another, HC (CHv,PH 2 ) ^ stabilized the TBP geometry. 

Ligands which deactivate the metal by removing the electron 
density from it, thereby decreasing its reducing power, favour 
the TBP geometry and conversely. 


( 7 ) 
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(8) If the intgrity of the nitrosyl ligand is maintained/ all 

20-electron systems must have bent nitrosyls. Six coordina- 
ted 18— electron and 17 electron nitrosyl complexes all have 
linear nitrosyl ligands. Six coordinate 19 electron systems 
probably have partially bent NO, wi’ch M— NO angles distinctly 
larger than l2o"^. All 16 electron systems have linear nitrosyl 
ligand. 

C.2 NMR 

Few reports have recently appeared [227-229] describing the 

15 

attempts of correlating the positions of N NMR signals in the 

NMR spectrum with the geometry of M— NO group in the metal nitrosyls. 

The correlation is based on the premise, that there is a large 

difference in the nitrogen shifts in the bent compared to that 

shown by the linear nitrosyl ligand in solution. Although an 

extensive work is needed in this dii'ection before any general 

rule is given to distinguish between the two types of nitrosyls, 

it is possible to state from tlie present observations [228] that 

^N NMR of bent nitrosyls show large down field shifts (by h\indreds 

of ppm) as compared with linear nitrosyl ligand. In the following 
15 

(table 1.6) <3 ( N) values along with values of some nitrosyl 

complexes studied so far are being given to illustrate the potent- 
ial of the present technique. 
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15 

Table 1.6. N NMR and IR measiirenien ts of transition metal 
nit ro.s y 1 comp J.exes 


Complex 

Solvent 

6 (^^N) ppm 

cm ^ 

Linear M— N-0 

(M— no} ^ Octahedral 

[ru(^\o)c 12 (PPh2)2] 

CD^Cl^ 

• 

ro 

1 

— 

[ru(^^NO) C l^ (PMePh2)2] 

CDjCl^ 

- 30.9 

1876 

8 

(M-NO} Square Planar 

trans-[RhCl (^^NO) (P-i— Pr.), 

.5 ■- 

^]C10, CD^Cl^ 

24.0 

1880 

^M-NO]^ Piano Stool 

[CrCrj^-C^H^) (CO) 2(N0) ] 

CHCl. 

3 

49.0 

1680 

[mo (CO) 2 (NO) ] 

CHCl^ 

37.6 

1663 

[Mo(r]^-C^Hj^) (CO) (PPh^) (NO) ' 

] CHCl^ 

35.4 

1607 

[w(r]^-C^H^) (CO) 2 (NO)] 

Cl I Cl. ^ 

16.5 

1655 

(_M(N 0 ) 2 } ® binitrosyl 

[ruCK^^NO) 2(PF'h2)2] (BF^) 

{CD 2^0 

131.5 

1845,1687 

[M— NO}^ Piano Stool 

[Cr (p^-C^H^) Cl (NO) 2 ] 

CHCl^ 

184.6 

1816,1711 

[mo ( 77 ^-C^H^) Cl (NO) 2 ] 

CHCl^ 

185.4 

1759 , 1655 

[w (r]^-C^H^) C1(N0) 2] 

CHCl^ 

172.9 

1733,1650 


. .contd 
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Table I.6(contd.) 


Complex 

Solvent 

<5(^^n) ppm 

^^NO^ 
cm~ 1 

Bent M-N-0 




{.M— no}® Square Pyramidal 




trans-[RuCl(CO) (^^NO) (P-i-Pr ) 2 ]- 
(CIO^) 

CD 2 CI 2 

368.2 

1712 

trans— [RhCl ( ^^NO) (NO 2 ) (Pcy 2 ) 2 ] 

CD 2 CI 2 

466.1 

1684,1654 

trans— [RhCl (^^NO) (NO 2 ) (P— i— Pr 2 ) 2 ] 

CD 2 CI 2 

467.6 

1684,1657 

trans-[RhCl(^\o) (NO 2 ) (PPh 2 ) 2 ] 

CD^Cl2 

481.5 

1657,1629 


C .4 ESCA studies 

Recently ESCA [205,230-232] has provided a complementary 
data to that of infrared to distinguish between the bent and 
linear nitrosyls . Fuller, et al . [216] have attempted to establish 
a correlation between nitrosyl bonding modes and the difference of 
the bonding energies of N(ls) and 0(1 s) of nitrosyl group. It is 
tentatively found that the relative shifts of the binding energies 
of 0(ls) and N (1 s) electrons in the range of 132 + 1 eV, suggests 
the presence of a linear nitrosyl group and that, in the range of 
128 +2 eV, bent nitrosyls. Because of difficulties in the sample 
preparation, relatively few complexes have so far been studied 
(which makes a boundary limit rather wide) . It is unlikely that 
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this interesting technique will be able to supplement the simple 
infrared method for deciding between the linear and bent nitrosyls . 

C .4 Molecular Orbital Theory of bonding in Metal Nitrosyls 

The nature of bonding in the transition metal nitrosyls 
have also been described in the terms of molecular orbital theory 
by a number of worker [66,233—235]. From the foregoing discussions 
it is clear that vibrational spectral studies of metal nitrosyls 
provide considerable power in predicting geometries and possible 
reactivity pattern of nitrosyls. Although molecular orbital 
approach is presently lacking in the simple gross predictive power, 
it has however, rationalized a number of seeming contradictions, 
and provided a very unified view of nitrosyl chemistry. In this 
approach the description of six coordinate linear ^RuNC^ (accord- 
ing to Enemark and Feltham's [66] suggested notations, metal nitro— 
syls can be designated as where n is the niimber of d— elect- 

rons of the metal M plus the nuinber of electrons in the 7^ orbital 

of no) implies that the dxz(Ru) + n* (NO), dyz(Ru) + TI (NO) and 

2 

dxy(Ru) orbitals are filled, with the antibonding dz (Ru)— n(NO), 
dyz(Ru)-Ti (NO), dxz ( Ru) — (NO) and dx — y“^(Ru) orbitals are empty 
(fig.l) [66, 233—23 5 ] . This approach stresses the extremely 
important role of n* (NO) orbital in transferring charge from Ru to 
NO, and thus its role in metal ligand bond. The n orbitals on NO 
are so polarized such that there is an increased e density at 0, 
rather than on N atom [89]. As with the simple Ru( II )—N0^ approach, 
porential electrophillic behaviour at N and nucleophilic behaviour- 
at 0 are anticipiated . 
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(clj^2_y2)(Ru)) — 


2c (dxz(Ru)-TT*(NO)) — 
2 c (dy2;(Ru)-Tr‘*(N0)) — 

la^(d22(Ru)-TT(N0)) — 




— a' (dx2-y2(Ru)) 

— a' (dx2mu)-TT*(N0)) 


— a' ' (dy2(Ru)-TT*(N0)) 


— a' (d22(Ru)-TT(N0)) 


— a' (dx2(Ru)+TT*(N0)) 

1b2 (dxy(Ru) ) a" (dxy (Ru)) 

1c(dx2(R'-')'+'‘’^*^f^^^ ■ — * 

1c (dyz (Ru)+tt^(NO)) a' ' Wyz (Ru)+tt*‘(NO)) 


Ru-N-0 

(C4v) 


Ru-N^ 
(C ) 


0 


Energy level diagram for linear and bent 
{Ru No} complexes 


FIG. 1.1 
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Table 1.7- Physical parameters of NO. 


Parameters 

NO 


Bond length (pm) 

115.1 


IR frequency (cm ) 

1876 


Dipolemoment (D) 

0.158 + 

0.005 

— 1 

Rotational constant B (cm ) 

o 

1 .6957 


Pine structure constant A (cm 

123 .160 

CM 

O 

• 

o 

+1 

Hyperfine constant (MHz) 

75.81 + 

0.24 

Quardupole coupling 

1.8 + 0 

.3 

constant Q 



Ionization potential (eV) 

9.8 


(NX NX'^ + e) 
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CHAPTER TWO 


N-ACETYL-DL-PENICILLAMINE THIONITRITE 
A POTENTIAL NITROSYLATING AGENT 


N— Acetyl— DL— penicillamine thionitrite (hereafter referred to 
as PT) / because of its being the most stable, easily synthesizabie, 
and unlike other nitrosylating agents NO, NOX(X=:Cl , Br , Br^ ) 
and nitrosamines not having any harmful effects, will possibly 
make the nitrosylation study an interesting one. Besides, it seems 
possible to synthesize nitrosyls at elevated temperatures by combin- 
ing its thermal instability only at higher temperatures with the 
trapping of NO radical by the metal ions . This behaviour appears 
to be similar, if not better, to that of well established nitro— 
sylating agent, N— metliyl— N— nitrosotoluene— p— sulphonamide, (MNTS) . 
Hence nitrosylation reactions taking place at higher temperatures 
were especially attempted to make a direct comparis ion to those by 
MNTS. Furthermore, wide spread interest in PT for the syntheses of 
antibiotics and of metal chelates for tlie biomedical applications 
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further enhanced our interest. The present chapter reports the 
result of such a study and the use of PT as a source for a single 
stage metal nitx'osylation reactions of Ru, Rh, Ir, Co and Mo. 

II .A Experimental 

All the experiments were carried out under nitrogen. Solvents 
and reagents were purified by standard methods and degassed. 

N— acetyl— DL—penicillaminethionitrite (PT) and the starting comple- 
xes of Ru/ Rh and Ir were prepared and purified by the literature 
procedures 

II.B.l Reactions of penicillamine thionitrite with MCl^ «xH 20 (M =s 

Ru, Rh, Ir) , CoCl 2 . 6 H,jO, Mo(CO)g in presence of PPh^# AsPh^, 
SbPh^ and ethylenediamine 

(l) Reaction of PT with RuCl^ .XH 2 O in presence of triphenyl— 
phosphine 

Solutions of RuCl^ .XH 2 O (0.5 mmol) in etlianol (10 ml) and 
PT ( 1.0 mmol) in ethanol (10 ml) were added to a vigorously stirred 
boiling solution of triphenylphosphine (2 mmol) in ethanol (20 ml) . 
The resulting mixture was heated under reflux for about half an 
hour whereupon orange yellow crystals were separated. These were 
filtered, washed with ethanol, water, ethanol and finally with 
dietliyl ether and dried in vacuo . The complex after recrystalli- 
zation from GH 2 Cl 2 /MeOH melted at 228°C. It was analysed for 
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[ru (no) C l^ (PPh^ ) 2 ] • The same product was obtained when the reaction 
was carried out in presence of HgClp or dry HCl gas. 

(II) Reaction of PT with RUCI 2 .XH 2 O in presence of triphenyl arsine 

The same method as described in [ll .B .1 (l)] was followed to 
carry out the reaction except that triphenylarsine was used in 
place of triphenylphosphine . The compound obtained as reaction 
product was recrystallized from CH 2 Cl 2 /MeOH, washed with methanol 
and diethyl ether and dried vacuo (m.p.^290°C) . It was analy- 
sed for [ru (NO) C l^ (AsPh^) 2 ] • 

(III) Reaction of PT with RuCl^ .XH 2 O in presence of triphenylstibine 

The same procedure as described in [II .B .1 ( l) ]was adopted to 
carry out the reaction except that triphenylstibine was used in 
place of triphenylphosphine. The orange red compound obtained as 
reaction product was recrystallized from CH 2 Cl 2 /MeOH/ washed with 
methanol, ether and dried jui vacuo (m.p. 220°c) . It was analysed 
for [Ru(N 0 )Cl^(SbPh 2 ) 2 ]. 

(IV) Reaction of PT with RhCl^ .XH 2 O in presence of triphenyl— 
phosphine 

Mixed solutions of RhCl^ .XH 2 O (0.5 mmol) in ethanol (10 ml) 
and PT (1.0 mmol) in ethanol (10 ml) was added to a vigourously 
stirred hoiling solution of triphenylphosphine (2 mmol) in (20 ml) 
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of ethanol. The resulting reaction mixture was heated under reflux 
for about half an hour whereby orange yellow shiny crystals were 
separated. These were centrifuged, washed with ethanol, water, 
ethanol and ether and dried jui vacuo . The complex after recrysta— 
llization from CH 2 Cl 2 /MeOH, melted at 222’^C and analysed for 
[Rh(N0)Cl2(PPh^)2]. 

The same product was obtained when the reaction was carried 
out in presence of HCl gas or HgCl 2 • 

(V) Reaction of PT with Rhcl^ .xfl20 in presence of triphenylarsine 

The same procedure as described in [II, B.l (IV)] was adopted to 
carry out the reaction except that triphenylarsine was added in 
place of triphenylphosphine . The crude crystals obtained after the 
reaction was over, were recrystallized from CH 2 Cl 2 /MeOH, washed 
with methanol, ether, (m.p. 245°C) . It was analysed for [Rh(N0)cl2“ 
(AsPh2)2]- 

(VI) Reaction of PT with IrCl^ •■XH 2 O in presence of triphenyl— 
phosphine 

Solutions of IrCl2.xH20 (0.5 nunol) in 2— methoxyethanol (10 ml) 
and PT (1.0 mmol) in 2— methoxyethanol (10 ml) were added successively 
to a well stirred solution of triphenylphosphine (2 mmol) in (20 ml) 
2— methoxyethanol . The resulting reaction mixture was heated under 
reflux for about half an hour whereupon an orange yellow crystalline 
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compound separated out- It was sepaiated by centrifugation washed 
with ethanol., water, ethanol and ether* and dried vacuo . It 

melted at 247°C and was analysed for [ir (NO) CI 2 (PPh^ ) 2 ] • 

(VIl) Reaction of PT with CoCl2*6H20 in presence of ethylene- 
diamine 

A methanolic solution (40 ml) of CoCl2*6H20 (3 mmol) and PT 
(6 mmol) in methanol (15 ml) were mixed successively with a methano— 
lie solution (10 ml) of ethylenediamine (12 mmol) . The resulting 
mixture on heating under refUix for about half an hour afforded 
an orange microcrystalline compound, which, on cooling to room 
temperature, was separated by filtration. It was washed with 
methanol, ether and dried Jui vacuo . The compound was analysed for 
[co(en) 2 N 0 C 1 ]c 1 . 

(VIIl) Reaction of PT with Mo(C0)g in presence of triphenyl— 
phosphine and dry chlorine ga s 

25 ml of a warm benzene solution containing Mo(C0)g (0-26 
gms) and PT (2 mmol) was added to a well stirred boiling benzene 
solution (25 ml) of triphenylphosphine (5 mmol). The resulting 
mixture was heated under reflux for about half an hour while passing 
a slow stream of dry chlorine gas through the solution. The reflxix- 
ing was further continued for another half an hour whereby a pale 
green coloured compound separated. It was separated by filtration. 
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The complex was extracted with dlch J orome thane . On adding light 
petroleum ether to the CH^Cl^ extract, a yellow green compound was 
separated, which was filtered, washed with petroleum ether and 
dried vacuo (m.p. 165°C) . It was analysed for [^MoCl,, (PPh^ ) 2 ] 2 ” 

II. B .2 Reactions of PT with the complexes of ruthenium and 
rhodium 

(I) Reaction of PT with [ruC1„ (PPh^ ) ^ 1 

± 3 3 

A solution of PT (1.5 mmol) in warm ethanol (5 ml) was added 
to a (10 ml) hot dichlorome thane solution of [RUCI 2 (PPh^ ) ^ ] (0.2 
mmol) . The reaction mixture was refluxed with vigorous stirring 
for about half an hour whereby a brown precipitate was separated. 

It was separated by filtration after cooling it to room temperature. 
It was washed with ethanol, water, ethanol and ether and dried in 
vacuo . The shiny crystals of the product melted at 230^0. The 
analytical data, m.p., mixed m.p., i.r. spectrum and other physical 
data match with those of authentic scunple of [ru(NO) Cl^ (PP'h^) 2 ] • 

The same compound was obtained if the reaction was carried 
out in presence of dry HCl gas or HgCl 2 * 

(II) Reaction of PT with [RUGI 2 (PPh^) 

The reaction was carried out by the same procedure as descri- 
bed in [II.B. 2(1) ] except that [RuCl 2 (PPh 2 )^] was used in place of 
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[ruC 12 (PPh^)^ ] • The reaction product was identified as [ru(N0)C12“ 

(PPh3)2]. 

(Ill) Reaction of PT with [ruH 2 (PPh^ ) ^ ] in presence of dry HCl gas 

The reaction was performed by the method as described in 
II.B. 2 (l) except that [RuH^(PPh ) ] was used in place of [ ruC 1 « (PPh _ )_ 1 

while passing dry HCl gas intermittantly through the reaction mixture 
Shiny crystals of [ru (NO) C l^ (PPh^) 2 j were obtained as the reaction 
product. 


(IV) 


Reaction of PT with 


[Ru(CO)Cl2(PPh3)3] 


The reaction was carried out by the same procedure as descri- 
bed in [ll .B . 2 (l) ] except that [ru (CO) CI 2 (PPh^ ) 3 ] was used in the 
place of [RUCI2 (PPh3)3 j . It yielded [ru(NO) CI 3 (PPh3)2] as the 
final product. 


(V) Reaction of PT with [R\iC 12 (PPh 3 ) 2 -MeOH] 

The procedure adopted to carry out the reaction was the same 
as described in [ll .B .2 ( I) ] except that[RuCl2(PPh3)2*MeOH]was used 
in place of [RUCI2 (PPh3) 3 j . The reaction product was found to be 
[ru(N 0 )C 13 (PPh3)2] ♦ 
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(VI) Reaction of PT with [RucpCl (PPh^) 2 ] in presence of HCl gas 

A warm solution of PT (1.5 mmol) in ethanol (5 ml) was added 
to a solution of [ ru ( cp) Cl (PPh 2 ) 2 ] (0.2 mmol) in a mixture of dichloro— 
methane and ethanol (20 ml, EtOH:CH 2 Cl 2 / 1 - 2 ), The resulting solution 
was refluxed for about half an hour. During refluxing, HCl gas was 
allowed to pass intermittantly . A deep red coloured solution was 
obtained, which on cooling to room temperature, yielded yellow 
orange crystals . They were separated by centrifugation, washed with 
ethanol, ether and dried ^ vacuo . The crystals were analysed for 

[ru(N0)c 1^ (PPh2)2]. 

(VII) Reaction of PT with[RuCl 2 (AsPh^) 

The reaction was carried out by using the same methodology 
as described in [ll .8 .2 (I) ] except tliat [ruCI^ (AsPh^) ^ ] ^^ls used in 
place of [RUCI2 (PPh^) 2 ] . The reaction product analysed for 
[ru(NO) C l^ (AsPh^) 2! . 

(VIII) Reaction of PT with [ruCI^ (AsPh^) 2 ‘MeOH] 

The reaction was carried out by following the same procedure 
as described in [ll .B .2 (I)] except that [ruCI^ (A sPh^) ^ ] was used in 
place of [RUCI2 (PPh^) 2 ] * crystals obtained were analysed for 

[ru (N0) c 12 (AsPh2) 2] • 
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(IX) Reaction of PT with [ru (CO) Cl„ (AsPh^ ) ^ ] 

£ 3 3 

The reaction was carried out by the same procedure as descri- 
bed in [ll -B .2 (l)] except that [ru (CO) CI 2 (AsPh^) 2] used in place 
of [RaCl2 (PPh^ ) 2 ] • Th® reaction product was identified as [ru(NO)— 
Cl^ (AsPh^) 2] . 

(X) Reaction of PT with [ruH (CO) Cl (PPh. ) _ ] 

i 3 

The same procedure as described in [ll .B . 2 (l)] was adopted 
except that [ruH (CO) ( PPh^ ) ^ ] was used in place of [RUCI2 (PPh^) 2 ] • 

The reaction yielded a shiny yellow microcrystalline compound, 
whose analytical and spectral data indicated it to be a mixture of 
two compounds. Since one of ttie components was relatively more 
soluble in benzene, both the components were separated by fractional 
crystallization using benzene/dichlorome thane . The benzene fraction 
was crystallized using light petroleum ether while the otJher by 
CH2Cl2/MeOH. The benzene soluble fraction melted at 228 ^C and 
analysed for [ru (NO) Cl^ (PPh^) 2 j and th.e fraction which was recrysta— 
llized from CH2Cl2/MeOH was identified as [ru (CO) 2CI2 (PPh2 ) 2] 

233 °C) . 

(XI) Reaction of PT with [Ru-[(OPh) 2PJ4CI2] 

The reaction was carried out by the same procedure as descri- 
bed in [lI.B. 2 (l)] except that [Ru{(OPh) 2Pj^Cl2] was used in place of 
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[ruC 12 (PPh^) 2 ] . The final product of the reaction was identified 
as [Ru(NO)cl2{(OPh)2P}2] - 

(XIl) Reaction of PT with [RhCl (PPh^) ^ ] 

A solution of PT (4 mmol) in ethanol (10 ml) was added to a 
red coloured dichlorome thane solution (10 ml) of [RhCl (PPh^) ^ ] 

(0.2 mmol). The resulting solution was heated to reflxrx for about 
half an hour whereupon a deep red coloured solution was obtained. 
After cooling it to room temj^erature shiny orange crystals separa- 
ted out/ which were separated by filtration, washed with ethanol, 
water, ethanol, ether and dried vacuo . The crystals which melted 
at 224°C were analysed for [Rh (NO) CI 2 (PPh^) 2 ] • 

(XIII) Reaction of PT with [ RhCl (PPh^ ) 212 

The reaction was carried by the same procedure 
in [ll .B .2 (xil)l except that [RhCl (PPh^ ) 2 .12 used in 
[RhCl (PPh^ ) 2 ] . The final product of the reaction was 
[Rh(NO)Cl2(PPh2)^]. 

(Xiv) Reaction of PT with [RhH(PPh_)-] 

The reaction was performed by the method as described in 
[ll .B .2 (xil)] except that [RhH ( PPh^) ^ j was used in place of [phCl- 
(PPh^)^]- Shiny crystals of {_ Rh (NO) CI 2 (PPh^) 2 ] were obtained as 
the reaction product. 


as described 
place of 
analysed for 
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(XV) Reaction of PT with [ph (CO) Cl (PPh^) 2 ] presence of HCl 

The reaction was performed by the method as described in 
[ll .B . 2 (XII) Jexcept that [Rh (CO) Cl (PPh^) 2] used in place of 
[RhcKPPh^)^] during refluxing a slow stream of HCl gas was 

allowed to pass through the reaction mixture. The final product 
obtained was identified as [ph (NO) CI2 (PPh^ ) 2] • 

(XVI) Reaction of PT with [rH (CO) Cl (AsPh^) 2] presence of HCl 

The reaction was carried out by the same procedure as descri- 
bed in [ll .B .2 (XII) J except that [ph (CO) Cl (AsPh^) 2] used in place of 
[phCl (PPh^) 2 ] during refluxing a stream of dry HCl gas was 

allowed to pass intermittantly , The product obtained was analysed 
for [Rh(N0)Cl2 (AsPh2)2] • 

(XVIl) Reaction of PT with RhCl 2 .xH 2 ''^ presence of triphenyl— 

phosphine and NaBH^ 

Hydrated RhCl^ .XH 2 O (0.5 xnmol) in ethanol (10 ml), PT (1.0 
mmol) in ethanol (10 ml), and sodium borohydride (0.10 g) in ethanol 
(10 ml) were added rapidly in succession to a well stirred solution 
of triphenylphosphine (2.0 mmol) in ethanol (40 ml). The mixture 
was heated under refl\ix for about half an hour, cooled to room 
temperature. The precipitate was separated by filtration , washed 
successively with ethanol, water, ethanol and ether and dried 
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vacuo to give the product as orange red microcrystals . These were 
analysed for [Rh (NO) ( PPh^) ^ ] . 

(XVIII) Reaction of PT with [RhH(CO) (PPh^)^] in presence of KCl gas 

A solution of PT (2 mmol) in ethanol (10 ml) was added to a 
yellow suspension of [Rh ( h) CO (PP h^ ) ^ ] (0.2 mmol) in ethanol (20 ml). 
The reaction mixture was refluxed for about half an hour. During 
refluxing dry HCl gas was allowed to pass intermittently through 
the solution. It resulted in the formation of an orange red coloured 
solid which deposited in the bottom of the reaction flask. It was 
separated by filtration, washed repeatedly with alcohol, ether and 
dried iui vacuo . It was analysed for [RhcO(NO) CI 2 (PPh^) 2 ] 

189°c) . 

(XIX) Reaction of PT with [RhCl (AsPh^ ) ^ ] 

The same method as described in[ll .B .2 (XIl) ]was adopted to 
carry out the reaction except that RhcKAsPh^)^ was used in place 
of [phCl (PPh^ ) 2 ] . The compound obtained as reaction product was 
analysed for [ph (NO) CI 2 (AsPh ^ ) 2 1 - 

(XX) Reaction of PT with [RhH£(OPh) ] in presence of HCl gas 

The same procedure as described in[ll .B .2 (XIl)] was followed 
to carry out the reaction except that [RhH {_(0Ph) ] was used in 


place of [phcl (PPh^ ) 2 ] • orange compound obtained as reaction 

product was recrystallised from washed with methanol/ 

ether and dried vacuo . It was analysed for [ph (NO) Cl2{_ (OPh) 2p}2 ] • 

II. C Analyses and Physicochemical measurements 

Carbon/ hydrogen and nitrogen in the complexes were analysed 
by the raicroanalytical laboratory of the Indian Institute of Techno- 
logy/ Kanpur/ India. Halide contents in the complexes were deter- 
mined gravimetrically as AgX by the method described elsewhere [2o] . 

Infrared spectra of the complexes were recorded either on 

a Perkin— Elmer model— 580 diffraction grating spectrophotometer in 

the range 4000—200 cm ^ or with a Schimadzu IR— 420 infrared spectro— 

—1 

photometer in 4000—400 cm range. Samples were prepared as KBr 
pellets. Some of the representative spectra are given towards the 
end of the chapter. 

Magnetic measurements were made on a Gouy Balance at room 
temperature. Mercury tetrathiocyanatocobaltate (II) was used as 
cal ib rant. 

Melting points of the complexes were recorded on a Fisher— 
Johns melting point apparatus in air and are uncorrected. 
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II .D Results and Discussion 

The homolytic thermal cleavage of S— N bond in PT resulted 
in the formation of metal nitrosyls. The products formed and 
conditions used in carrying out the reactions are given in Table II. 1. 
Since the nitrosyls formed during the reactions are generally the 
literature known ones# they have been identified by their analytical# 
spectral (ir# uv visible) and the magnetic data. In cases where 
complexes melt # their mps# mixed mps were also compared with the 
authentic samples . 

Table 1 indicates tliat in a couple of reactions the nitrosyls 

obtained were different from the expected ones. Thus the reaction 

of [ruH (CO) Cl (PPh^) ^ ] with PT did not yield the expected nitrosyl 

[ru (NO) (CO) C l (PPh^) 2 ] [ 21 ]# but it formed a mixture of two complexes. 

Its ir spectrum exhibited a very strong band at 1875 cm ^ and two 

—1 

intense bands at 2065 and 1990 cm corresponding to and 

respectively. On purification by fractional crystallization# two 
complexes were separated which were identified as [ru (NO) C l^ (PPh^ ) 2 ] 
and [ru(CO) 2 CI 2 (PPh^) 2 ] • difference in the nature of the complex 
was obtained if the same reaction was carried out in presence of 
HgCl 2 or dry HCl gas . 

Reaction of Mo(CO), with PT in presence of triphenylphosphine 

o 

and dry chlorine gas yielded a compound having an empirical formula 

[ [M 0 CI 2 (PPh^) 2 } spectrum exhibited strong bands 

1 

at 1145# 1034 and 980 cm . These bands have been assigned to a 
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2 — 

bridging N 2 O 2 group coordinated through oxygen atoms. The 
reaction could not yield the dinitrosyl complex as expected [22/23]. 

Nitrosyl complexes by the reaction of PT with platinum or 
palladium salts in presence of triphenylphosphine or triphenyl— 
arsine were also not obtained. This observation possibly reflects 
the tendency of these metals to form zero oxidation state complexes 
in preference to nitrosyls . 

Denitrosation of PT in presence of an acid goes through the 

intermediacy of HNO 2 (RS-NO + H 2 O RSH + HNO 2 ) [24]. This 

is a reversible reaction with equilibrium lying well over to the 
side of thionitrite and thus slowing down the denitrosation rate. 
However if a nitrous acid trap is also included to prevent the 
reverse reaction (nitrosation) , the rate of denitrosation reaction 
may be increased. Traps like Na.N^, ascorbic acid, aniline derivati- 
ves, urea, etc. have been used before [25]. Since the results of 
the present work suggest Lhe successful application of PT as a 
nitrosylating agent for the metal ions or their complexes, it 
appears that the latter acted as scavangers for HNO 2 leading to 
the nitrosylation of metal ions . However it has been found that 
in some cases the presence of mercuric chloride, mercuric acetate 
or silvernitrate affected the rates of reactions to a very large 
extent [26]. The increased rate could be due to the following 
possible mechanism. 



HNO2 thus formed may nitrosylate the metal ions or their complexes. 

The reaction of Mo(CO)g with PT yielded a hyponitrite complex 
rather than a dinitrosyl one. Interestingly it is known that in 
presence of a base denitiosation of nitrosothiols yield H2N2O2 [ 2 ?]. 
We, therefore, propose th<» following tentative mechanism to be 
operative in the case of molybdenum with triphenylphosphine acting 
as a probable base. 


RSH + B 

RS + NO 
2 RS-N- 0 H 


RS + BH 


4 RS-NO 


H 


RS-N-OH 


R-S-N ( OH ) -N ( OH) SR 


'V 


RSSR + H2N2O2 


Mo(CO)g + (^^'^2)2 + H2N2O2 
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In the reaction chlorine gas may be serving dual purpose (1) 
oxidation of molybdenum to higher oxidation state and (2) a source 
of chloride ions . 

Although the work in this direction is in progress ^ the 
results of the present work indicate that the PT/ similar to MtJTS, 
may be used for the synthesis of a large number of transition metal 
nitrosyls at higher temperatures under simple reaction conditions. 


Reactions carried out and their conditions, products, colour melting point and position of 
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LEGEND TO TIIK FIGURKS 
Pig. II. 1 (A) [ru(NO)C 12 (P[-’h 2 ) 2 ] 

(B) [Ru(NO)C 1^ (AsPh2)2l 

(C) [ru(NO)C 1^ (PPh 2 ) 2 ] and [Ru(CO) 2 Cl 2 (PPh 2 ) 2 ] 

Fig. II. 2 (A) [Rli(NO)Cl 2 (PPh^) 2 ] 

(b) [Rh(NO) (PPh^)^] 

(C) [Rh(CO) (NO) Cl2(PPh2)2] 

Pig. II. 3 (A) [lr(NO)Cl 2 (PPh^) 2 ] 

(B) [{MoCl2(PPhj)2}2N2°2'^^^2 

(C) [co(en) 2 (NO) Cl]cl 
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C3-IAPTER THREE 


TRITYL THIONITRITE: A POTENTIAI. TRANSFER 
NITROSATING AGENT FOR I^TAL NITROSYLATION 

In a study relating to the possible transition metal nitrosyl- 
synthesis, the trans nitrosation has been widely used [l]. A range 
of transfer nitrosating agents like alkyl nitrites, nitrosamines, 

MOX (X = Cl , Br , Br^ , NO^ ) have been used for the purpose. In 
all these systems, the advantage has been taken of the weakness of 
0-M and N— N bonds- The literature sui'vey, however, indicates 
practically no work towards situ trapf^ing of NO by the metal 
ions generated by weak S-NO bond cleavage, despite their many 
applications to effect nitrosation oi amines and alcohols [2]. These 
compounds may particularly be suited for such a study because of 
very large variations in their half lives and decomposition temperat- 
ure. It is to be of Interest to examine trans nitrosation 
reactions of thionitrites to bring about the thermal addition of NO 
in metal salts or their complexes, as area of our interest related 
to the potential use of ''In situ trapping of NO' ' to give a synthetic 
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route to metal nitrosylatlon . This chapter concentrates on metal 
nitrosylation reactions both at high and low temperatures by the 
denitrosation of trityl thJonltrlte (hereafter referred as TTN) [s]. 
The results indicate its use in the synthesis of the literature 
known nitrosyl complexes, which have been synthesized at higher 
temperature . 

The chemicals used were of Analar grade. TTN and the start- 
ing complexes of all the metal ions were prepared and purified by 
the literature procedures [4—23 J . 

III.B.l Reactions of trityl thionitrite (TTN) with MCl^ •XH 2 O (M?=Ru, 
Rh, Ir) , CoCl2»6H20, Mo(CO)g in presence of PPh^ » AsPh^, 
SbPh^ and ethylenediamine 

(l) Reaction of TTN with RuCl^ .XH 2 O ib presence of triphenyl— 
phosphine and dry HCl gas 

Solutions of; RuCl^ (0.5 mmol) in ethanol (10 ml) and 

TTN (1.0 mmol) in ethanol (10 ml) were added successively to a well 
stirred boiling solution of trlpheny Ipiiosphine (2.0 mmol) in ethanol 
(20 ml). The resulting re*ir;tlon mixture was heated under reflux for 
about half an hour. During refluxing a slow stream of dry HCl gas 
was allowed to pass through the solution intermittantly, whereupon 
orange yellow crystals were separated. These were filtered, washed 
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with ethanol, water, ethanol and ether and dried vacuo . The 
complex after recrya talliza Lion Eroin 0M2Cl2/Me0H melted at 22Q^C, 

It v/as analysed for [ru (NO) Cl^ ( PPli^ ) 2 J • The same reaction product 
was obtained when tlie reaction was carried in presence of HgCl 2 » 

(II) Reaction of ITN with RUCI 2 .XH 2 O in presence of triphenylarsine 

The same procedure as described in [ill .B .1 (I) ]was followed to 
carry out the reaction except that triphenylarsine was used in place 
of triphenylphosphine . The pi'oduct obtained was recrystallized from 
CH 2 Cl 2 /MeOH, washed with methanol and ether and dried vacuo . It 

was analysed for [ru (NO) Cl^ (Asi'h^) 2 -I > 290°c) . 

(III) Reaction of TTN with RaCl.^.xH20 in presence of triphenyls tibine 

The same procedure as described in [ill .B . 1 (I) ] was adopted to 
carry out the reaction except that trlphenylstibine was used in place 
of triphenylphosphine. The orange red compound, obtained as reaction 

product, was recrystallized from Cl b, Cl,, /Me OH, washed with methanol, 

d, 

ether and dried in vacuo (m.p. 220^C) . It was analysed for [(Ru(NO)— 

Cl2(SbPh2)2]- 

(IV) Reaction of TTN with RuCl2.xH20 in presence of triphenyl— 
phosphine and in the absence of HCl gas or HgCl^ 

The same method as described in [ill .B .1 (I) ]was followed except 
that reaction was carried out in the absence of HCl gas. The product 
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obtained was recnrysta 1 llzed f'roin Clb,Cl,,/lieOrb washed with methanol/ 
ether and dried vamio (m.p. '^2')0^‘’c) . It was analysed for 
[Ru2(NO)2Cl^S(l:i'h.^) .., j , 

(v) Reaction of T'J’N with r(uCl.j,xH 2 d in presence of triphenyl— 
arsine and in the absence of HCl gas or HgCl 2 

The same procedure as described in[lll .B .1 (l) ]was adopted, 
except that reaction was carried out in the absence of HCl gas and 
triphenylarsine was used in place of triphenylphosphine . Tlie 
reaction product was recrys tallized from CH 2 Cl 2 /MeOH, washed with 
methanol and ether and dried vacuo . It was analysed for 

[Ru2(N0)2Cl^S(AsPh2)2] . 

(VI) Reaction of TTN with iihCl2*xll20 in presence of triphenyl- 
phosphine and HCl gaa 

Solutions of RhCl., .xll^O (0.5 mmol) in ethanol (10 ml) and 

J -S» 

TTN (1.0 mmol) in etlianol (10 ml) were cidded to a vigorously stirred 
boiling solution of triphenylphosphine (2.0 mmol) in (20 ml) ethanol. 
The resulting reaction mixture was heated under reflux for about 
half an hour. During tlie time a slow stream of HCl gas was passed 
through it whereby orange yellow crystals were separated. These 
were centrifuged, washed with ethanol, water, ethanol, ether and 
dried In vacuo . The complex after recrystallization from CH 2 CI 2 / 

Me OH melted at 222*^C and analysed for[Rii (NO) CI 2 (PPh^) 2 ] • 
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The reaction in the absence of HCl or HgCl 2 yielded the same 
product, but the yield of the final product was very poor. 

(VII) Reaction of TTN witli RliCl^ .xH^O in presence of triphenylarsine 

The same procedure as described in [ill .B .1 (VI)] was adopted to 
carry out the reaction excofit that triphenylarsine was used in place 
of triphenylphosphine . Crystals obtained after recrystallization 
from CH^Cl^/MeOiI melted at 24 5*'^I. It was analysed for [Rh(N 0 )Cl 2 '" 
(AsPh^) 2 J . 

(VII I) Reaction of TTN with IrCl in presence of triphenyl— 

O 

phosxhiiKj 

Solutions of IrCl 2 .xi[ 2 d (u.b iiuiiol) in 2— methoxyethanol (10 ml) 
and TTN (1.0 mmol) in 2— me thoxy ethanol (10 ml) were added successi- 
vely to a well stirred solution of triphenylphosphine (2 mmol) in 
2-methoxyethanoI (20 ml) . The resulting reaction mixture was heated 
under reflux for about half an hour, whereupon a yellow orange 
crystalline compound separated out. It was centrifuged, washed with 
ethanol, water, ethanol and ether and dried vacuo . It melted at 
247°C and was analysed for [ir (NO)Cl 2 (l’Ph 2 ) 2 ] • 

(IX) Reaction of TTN with CoCl 2 « 6 H 20 in presence of ethylenediamine 

A methanolic solution (50 ml) cotitaining (3 mmol) of C 0 CI 2 . 
6 H 2 O and (6 mmol) of TTN was mixed with a methanolic solution (10 ml) 
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of ethylenediarnine (12 rmnol) . Tho resulting mixture on heating 
under reflux for about half: an hour afforded an orange micro- 
crystalline compound. On cooling the solution to room temperature/ 
the crystals were separated by filtx'ation, washed with methanol/ 
ether and dried vacuo . The compound was analysed for [co(en) 2 ” 

NOClJcl. 

(x) Reaction of TTN with Mo(CO)g in px'esence of triphenylphosphine 
and chlorine gas 

25 ml of warm benzene solution containing Mo(CO)g (0.26 gms/ 

1 mmol) and TTN (2 nunol) was added to a well stirred boiling benzene 
solution (25 ml) of triphenylphosphine (5 mmol). The resulting react- 
ion mixture was heated under reflxix for about half an hour. During 
refluxing a slow stream of dry chlorine gas was passed. The reflux- 
ing was continued for anotlier half an hour/ whereby a pale green 
coloured compound separated, which was filtered. The compound was 
extracted with dichl orometimne and on adding light petroleum ether 
to the CIJ2C12 extract a yellow green compound was separated. It was 
filtered/ washed wi th petroleum ether and dried jai vacuo (m.p. 165°G) . 
It was analysed foir MoCl^ 2^ *^^2 " 
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III.B .2 Reaction of TTN wi th the complexes of ruthenium and rhodium 

(I) Reaction of TTN with [ruCI^ (PP h. ) _ ] in presence of HCl gas 

A solution of TTN ( 1.5 mmol in dichloromethane (10 ml) was 
added to a 20 ml hot dichloromethane— ethanol (l^l) solution of 
[RuCl2(PPh2)^] (0.2 mmol) . The resulting reaction mixture was heated 
under reflux with vigorous stirring. During this time for about 
two hours a slow stream of dry HCl gas was passed intermittantly 
through the solution whereupon brown precipitate was separated. 

After cooling it to room teiuperature , it wfis separated by filtration/ 
washed with ethanol, water, ethanol an(i dietiiyl ether and dried in 
vacuo . The shiny crystals of the product melted at 228 *^C and was 
analysed for [ru(NO) C l^ (PPh^) ^ j • 

The same compound was obtained if the reaction was carried out i 
in presence of HgCl2 in place of HCl gas. 

(II) Reaction of TTN with [RuCl2(PPh2)4] in presence of dry HCl gas 

The reaction was carried out exactly in the same way as descri— I 
bed in [lII.B. 2 (l)]axcept that [RUCI2 (PPh^) was used in place of I 

[RUCI2 (PPh^^ 3I* reaction product af ter recrystallization from i 

CH2Cl2/MeOH melted at 228 ^C and was analysed for [Ru(NO) C l^ (PPh^) 2] • j 

(III) Reaction of TTN with [ ruCI^ (P lh^ ) 2 -MeOH ]in presence of HCl gas [ 

The same procedure as < 3 escribed in [ill .B . 2 (I)] was followed | 
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(VII) Reaction of TTN v^ith [RUCI2 (PPh^) ^ ] in the absence of HCl 
gas or HgCl2 

The reaction was performed by the method described as in 
[ill .B . 2 (l) ] except that it was carried out in the absence of HCl or 
HgCl2. The product obtained was recrystallized from CH2Cl2/MeOH/ 
washed with methanol and ether and dried vacuo . It was analysed 
for [Ru2(NO)2Cl^S(PPh2)2] . 

(VIII) Reaction of TTN with[RuCl2 (PPh2)2«MeOH]in the absence of HCl 
gas or HgCl2 

The reaction was carried out by the same procedure as descri- 
bed in [ill .B . 2 ( I) ] except that it was carried out in the absence of 
HCl or HgCl2. The reaction product was identified as [ru2 (NO) 2 C 1 ^S— 
(PPh3)2]. 

(IX) Reaction of TTN with [RUCI2 (PPh^ ) ^ ] in the absence of HCl 
gas or HgCl2 

The same reaction procedure was adopted as described in 
[ill ,B . 2 (l) ]except that it was carried out in the absence of HCl- or 
HgCl2- The reaction product was identified as [ru 2 (NO) 2Cl^S (PPh^) 2] • 

(X) Reaction of TTN with [ruCI^ (A sPh^ ) ^ ] in Presence of HCl gas 


The reaction was carried out by the same procedure as described 
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in [ill .B . 2 (l) Jexcept that [ruCI. (A sPh ) ] was used in place of 
[RuCl2{PPh2) 2 ] . Reaction product was recrystallised from CH2CI2/ 

MeOH, washed with methanol, ether and dried vacuo . It was 
analysed for [ru (NO) Cl^ (AsPh^) 2 ] • 

(XI) Reaction of TTN with RuCl^ (AsPh^) 2 •MeOH in presence of HCl gas 

The reaction was performed by the method as described in 
[ill .B . 2 (l) Jexcept that[RuCl2 (AsPh^) 2 •MeOHjwas used in place of 
[RUCI2 (PPh^ ) 2 ] • The final reaction product was identified as 
[ru(NO) C l^ (AsPh^) 2] • 

(XII) Reaction of TTN with[ Ru (CO) CI2 (AsPh^) ^ presence of HCl gas 

The same procedure as described in [ill ,B . 2 (l) ]was followed 
except that [Ru(C0)Cl2A.sPh2)2] was used in place of [RUCI2 (PPh^ ) ^ ] • 

The compound obtained as reaction product was re crystallized from 
CH2Cl2/MeOH, washed with methanol and ether and dried vacuo . It 
was analysed for [ru (NO) Cl.^ (AsPh^) 2] - 

(XIII) Reaction of TTN with [ru ( cp) Cl (PPh^) 2] in presence of HGl gas 

The reaction was carried out by the same procedure as described 
in [ill .B . 2 (I)] except that [Ru(cp) Cl (AsPh^) 2] was used in place of 
[RUCI2 ^ reaction product was identified as [ru(N 0 ) c12~' 

(AsPh 2 ) 2 ]- 
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(XIV) Reaction of [ruCI^ ( A sPh^ ) ^ ] with TTN in the absence of HgCl2 
or HCl gas 

The reaction was carried out by adopting the same procedure 
as described in [ill .B .2 (l) Jexcept that[RuCl2 (AsPh^) ^ I'^as used in 
place of [RUCI2 (PPh^ ) 2 ] in the absence of HCl gas. The reaction 

product was identified as [ru 2 (NO) ^Cl^S (PPh^) 2] • 


(XV) Reaction of TTN with[RuCl2 (AsPh^) 2 •NeOH] in absence of HCl gas 


The same procedure as described in[lII,B.l (I) ]was followed 
except that it was carried out in the absence of HCl gas or HgCl2 
and RuCl^ (AsPh^ ) 2 was used in place of [RUCI2 (PPh^ ) ^ ] • The 

reaction product was identified as [ru (NO) C l2S^^2AsPh2 ] • 


(XVl) Reaction of TTN with [rxi (CO) CI2 (AsPh^ ) ^ ] in the absence of 
HCl gas or HgCl2 

The same procedure as described in[III .B. 2 (l) ]was adopted to 
carry out the reaction except that [ru (CO) Cl^ (AsPh^) ^ used in 

place of [RUCI2 (PPh^) 2 1 • The reaction product was analysed for 

[RU2(NO)2Cl^S(PPh2)2] • 

(XVII) Reaction of TTN with [ruH (CO) C l (PPh2) ^ ] in presence of HCl 
gas or HgCl2 


The same method as described in [lII.B . 2 ( 1 )] was followed except 
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that [ruH (CO) Cl (PPh^ ) 2 ] was us€:d in place of [RUCI2 ( PPh^ ) ^ ] * The 
reaction yielded a shiny yellow crystalline compound, whose 
analytical and spectral data indicated it to be a mixture of two 
compounds . Since one of the components was relatively more soluble 
in benzene, both the components were separated by fractional crysta- 
llization using benzene/d ich iorome thane . The benzene fraction melted 
at 228 °C and analysed for [ru (NO) Cl.^ (PPh^) 2 j and the fraction which 
was crystallized from CH2Cl2/MeOH was identified as [ru (CO) 2CI2 (PPh^ ) 2] 
(m.p. 233‘^C) ♦ 

(XVIII) Reaction of TTN with [RUCI2 [.(OPh) ^P}^ ] in presence of HCl 
gas or HgCl2 

The reaction was performed by the same procedure as described 
in [ill .B .2 (1)] except tiiat [RUCI2 {(OPh) ] was used in place of 

[RUCI2 (PPh^ ) 2 ] • The reaction product after recrystallization from 

CH2Cl2/heOH melted at 242 °C and was analysed for [ru (NO) C l^^ (OPh) ^P] 2] • 

(XIX) Reaction of TTN with [RhCl (PPh^) -j .1 in presence of HCl gas 

A solution of TTN (4 mmol) in CH2CI2 (10 ml) was added to a 

red coloured CH^Cl2/^^0H (i:i) solution (10 ml) of [RhCl (PPh^ ) ^ ] 

( 0.2 mmol) . The resulting mixture was heated under reflux while 
passing a slow stream of HCl gas for about half an hour, at the 
same time, whereupon a red coloured solution was obtained. After 
cooling it to room temperature, shiny yellow orange crystals were 
separated. These were separated by filtration, washed with ethanol. 




105 


water, ethanol and ether and dri^jd vacuo . The crystals melted 
at 224°c and were analysed for [Rh (NO) CI2 (PPh^) • 

The same reaction product was obtained if the reaction was 
carried out in the absence of HgCl^ or HCl, but yield was very poor. 

(XX) Reaction of TTN with [RhCl (AsPh^ ) ^ ] in presence of HCl gas 

The reaction was carried out using the same procedure as 

described in[ III .B .2 (xix) jexcept that [ RhCl (AsPh^ ) ^ J was used in 

place of [KhCl ( PPh^ ) ^ ] . Tlie reaction product obtained was analysed 

for [Rh (NO) Cl„ (AsPh^ ) _] . 

2 3 2 -' 

(XXI) Reaction of TTN with [RhCl (PPh^) 212 presence of HCl gas 

The same reaction procedure as described in[lll .B .1 (XIX) ]was 
followed to carry out the reaction except that [RhCl (PPh 2 ) 2]2 
used in place of [RhCl (PPh^) ^] . The reaction product obtained was 
identified as [Rh (NO) CI 2 (PPh^ ) 2 J • 

(XXII) Reaction of TTN with [RhH(PPh 2 ) 2 j presence of HCl gas 

The reaction was carried out by the same procedure as descri- 
bed in[lII.B. 2 (XIX) 'Jexcept that [RhH(PPh^)^] was used in place of 
[RhCl (PPh^) ^ ] . The reaction product after re crystallization from 
CH 2 Cl 2 /MeOH melted at 224 °C, and was analysed for [Rh (NO) CI 2 (PPh^) 2 ] 
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(XXIII) Reaction of TTN wi Lli [ Rh (CO) Cl (PPh^ ) 2 ] in presence of HCl gas 

The same method as described in [ill .B .2 (XIX) ]was adopted to 
carry out the reaction except that [ Rh (CO) Cl (PPh^) 2 .] used in 

place [RhCl ( PPh^ ) 2 J • The reaction prcxiuct was analysed for [Rh(NO) — 
Cl2(PPh^)2]. 

(XXIV) Reaction of TTN with [Rh (CO) CKAsl’h^) 2 ] in presence of HCl gas 

The same procedure as described in [ill ,B .2 (XIX)] was followed 
to carry out the reaction except that [Rh (CO) Cl (AsPh^) 2 ] was used 
in place of [ph (Cl) ( PPh^ ) ^ J . The reaction product after recrystalli- 
zation from CH 2 Cl 2 /MeOH melted at 242'^C and was analysed for [Rh(NO)- 
Cl2(AsPh2)2]. 


(XXV) Reaction of TTN with [RhH (CO) (PPhi^ ) ^ ] in presence of HCl gas 


The reaction was catrirtd out following the same procedure as 
described in[lll .B .2 (XiX) J except that a solution of [RhH (CO) (PPh^) ^ ] 
in ethanol (10 ml) was used in place ol: [ RliCl (PPh^) ^ ] • The compound 
obtained as the reaction prociuct melted at 189°C and was analysed 
for [Rh (NO) (CO) CI 2 2 '! ' 


(XXVI) Reaction of TTN with [RhH{p (OPh) ^ J in presence of HCl gas 

The same method as described in [ill .B.2 (XIX) ] was adopted to 

carry out the reaction except that [RhH{(OPh) 2 P}^] was used in place 

of [RhcKPPh ) 1 . The reaction product was identified as [Rh(N0)Cl^- 
•- 3 3 > 


f ( nn'k ^ dI I 
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Reactions ol; TTN witli 1, ( I'Ph ) ^ J , [PdCPPh^)^] [sS] chromous 

acetate in presence of die tliyld 1 thiocarbamate [36], potassium chromate 
in presence of arninoniura moJybdate [3?]/ ammonium heptamolybdate in 
presence of dithiocarbamate, pyridine and acetyl acetone [38], 
cobalt ( II) chloride in presence of triethyl amine and triphenyl— 
phosphine, bipyridyl and lithium perchlorate [39, 40], ferrous sulfate 
in presence of diethyl dittiiocarbarnate and [NiCl 2 (PPh^) 2 ] in presence 
of triphenyl phosphine [41 J were carried out by following exactly the 
literature methods, except that TTN was used as nitrosylating agent. 

III.C Analyses and Physicochemical measurements 

Carbon, hydrogen anci nitrogen analyses were performed by the 
Microanalytical section of the Indian Institute of Technology, Kanpur, 
India. Halide contents In the complexes were determined by the method 
described elsewhere [24]. 

I.R. spectra were taken on a Perkin Elmer 580 spectrophoto- 
meter in the range 4000—200 using KBr pellets. Melting points and 
magnetic susceptibilities were recorded on the Fisher— Johns melting 
point apparatus and Guoy balance at room temperatures respectively. 

The results are given in Table III. 3. 

III.D Results and Discussion 

The known thermal instability [25] of TTN allowed the nitro— 
sylation reactions of the metal ions and their complexes. It is 
obvious from the table that, the method has synthetic potential only 
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for those metal nitrosyls wliich are formed and are stable at relati- 
vely higher temperatures. The metal nitrosyls which were prepared 
at room temperature or at low temperatures could not be synthesized 
using the process of denitrosation of TTN,. Since the prepared nitro— 
syls were known ones, they have been characterized by chemical analy- 
ses, and by comparing their colours, melting points, mixed melting 
points, spectra (i.r., u.v. vis) and magnetic data with those of the 
authentic complexes . 

Table 1 indicates a few reactions which gave unexpected 
nitrosyl complexes. These are discussed below. 

(1) Reaction of [ruH (CO) cKPF'h^) ^ ] with TTN in presence of either 

HgCl 2 or dry HCl gas yielded a yellow shiny microcrystalline 
compound, different from the literature known nitrosyl complex 
[ru (NO) (CO) C l (PPh^) 2 ] [ 20 ] prepared by using MNTS. Spectral 
and analytical data of the product indicated it to be a mixture 
of two compounds. Its i.r. spectrum exhibited three intense 
bands at 1995 cm and 2065 cm cm * 

The separation of both the complexes were effected by fractional 
crystallization using b«nzene/d J.chlorome thane . These were found 
to be well established complexes viz., [ru (NO) Cl^ (PPh 2 ) 2 ] s^n^^. 
[ru(CO) 2 C 12 (Pl’>i 3 ) 2 ^ * identity was supported by analytical 

and spectroscopic data. 

(2) Reactions of Mo(C0)g and W(C0)^ with TTN in presence of PPh^ 

or AsPh^ and dry chlorine gas yielded compo\inds having empiri- 
cal formulae [|MCl2(EPh3) 23 2N2°2^^^2 = W or Mo, E = P or As) . 
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Their i.r. spectra displayed sti'ong bands around 1145 cnx 
"“1 ““1 

1034 cm and 900 cm , which are the characteristic bands 
for a bridging N 2 O 2 group coordinated through oxygen atoms 
[26]. A similar reaction of Mo(co)^ with MNTS yielded a dinitro— 
syl complex [27—28]. The observation, viz., formation of Np02^ 
complex in place of its dinitrosyl, implied a possibility of the 
different reaction path. It is well established that in presence 
of a Lewis base, the denitrosation of thionitrites proceeds with 
the formation of H2N20^ [29]. Presuming EPh^ acting as a base 
besides itsbeing a coligand in the present reactions, the genera— 
ted H 2 N 2 O 2 interacts with M(C0)g yielding their N 2 O 2 complexes 
in presence of chlorine gas. The latter may be serving as an 
oxidant to take Mo from zero to +5 state and a source of chloride 
ion as well. We tentatively propose the following mechanism. 



RS-SR + H 2 N 2 O 2 

Cl^ r ^ 

M(C0)g + EPh^ + ^2^2°2 ^ 1-^^N202) ^ 

(M = Mo, w; E a P or As) . 

The reactions, carried out with other metal ions in presence of 

2 — ' 

PPh^/ should also have yielded N 2 ©2 complexes if the EPh^ 
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molecules are acting as base. In such cases the relative 

2 — 

stability of N2O2 complexes compared to that of nitrosyl 
ought to be playing an important role in deciding the course 
of the reaction. 

(3) Reaction of RuCl^ .XH2O with TTN in presence of PPh^ or AsPh^ 
in ethanol in the absence of HgCl2 or dry HCl gas yielded a 
reddish brown microcrystalline complex with an empirical foirntula 
[ru (no) Cl2S^y2EPh2 ] . These complexes did not melt upto 300 *^C. 
When this complex was heated to reflux with an excess of PPh^ 
or AsPh^ in dichlorome thane or chloroform it yielded pure 
[ru (no) C l^ (EPh^ ) (E ' Ph^) 1 (E=E'=As or P) . Ruthenium complexes 
Iiaving EPh^ as coligands, on reacting with TTN and in absence 
of HgCl2 or HCl gas also yielded the same brown compound. 

Reactioxi of RhCl^ .XH2O with TTN in presence of PPh^# AsPh^ or 
SbPh^ yielded pure nitrosyl complexes [ph (NO) CI2L2] (L=PPh2/ AsPh^ 
or SbPh^) . The same compounds also obtained in presence of HgCl2 or 
HCl gas. 

In most of the reactions described, Rh and Ir were introduced 
in the oxidation state of one while the isolated complexes have the 
metals in (+ 3 ) oxidation state. In these reactions it appears that 
NO in tile complexes is behaving as one electron donor. The formation 
of the complexes involves probably the oxidation of the metal ion 
by NO radical or by NO"^ f onned during the heterolytlc cleavage of 

, 4.3 

S-N bond which subsequently picks up NO from the ' medium to yield M 
nitrosyls. Under similar conditions MNTS behaves in an analogous 


manner . 
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The thermal homolytic S-N cleavage initially yields NO and 
thiyl radicals. The latter (thiyl radical) reacts with another 
molecule of TTN yielding disulfide. It has also been established 
that in solution the acid catalyzed denitrosation of thionitrites 
involves the intermediacy of protonated form of thionitrites [30-31 ]. 



The equilibrium of the above reaction which lies well over to the 
side of thionitrite may be effectively shifted towards denitrosation 
of thionitrites by removing free HNO 2 or NOCl as soon as it is formed.' 
Although nitrous acid traps like NaN^z ascorbic acid, urea are well 
known [32] but it appears that the metal ions or their complexes may 
also act as scavengers for the nitrous acid or NOCl because of their 
high reactivity towards NO to form their nitrosyls. 

In the presence of mercuric chloride, mercuric acetate or 
silver nitrate the rate of denitrosation reaction is increased to 
a very large extent [33] which may be rationalized by the following 


mechanism. 
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R-S-NO -f HgCl^ 


■> 



Hg 


+ 



Further it has also been established that the reaction is 
catalyzed by Cl ions [ 34 J where the protonated thionitrites react 
with the chloride ions toqtve NOCl . HCl used in the reactions may 
thus be a good source for both h"*" and Cl ions and thereby enhancing 
the rate of denitrosation of thionitrites yielding NOCl. 


R-S-NO + 


+■ 

R-S-NO 

N 



RSH + NOCl 


or HNO2 + Cl > H2O + NOCl 


Although it seems probable that the metal nitrosylation could 
arise by prior formation of HNO2 or NOX which subsequently nitro— 
sylate the metal ions/ but presently one is not is a position to 
decide if the reaction is one pot reaction or a multistep one. It 
seems, however fairly certain that thionitrites can effect nitro— 
sylation of metal ions and compare well with other nitrosylating 


agents . 
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L.l'XjtCNI .) TCi TUfC figurks 
F ig. III. 1 (a) [ru(N0)c 1,^ (i‘Ph ^)2 1 

(B) [ru (NO) Cl^ ( I’Ph.,^) ,/l 

(c) [Fiu(N 0 )Cl 2 (PPh^)^ and [ ru (CO) 2CI2 (PPh^ ) 2] 
(D) [ Ru ( NO) CI2B j^/2 ^ ''■‘3 ^ ^ 

Pig. III . 2 (A) [Rh(NO)Cl2(l’Ph2)2l 

(B) [Rh(NO) (PPh^)^ ] 

(C) [Rh(CO) (NO)Cl2(PPh3)2] 

Fig. III . 3 (A) [lr(N0)Cl2(PPh2)2] 

( B ) [ {_MoC 1 2 ( Pi’h ) 21/2^2 ^ ^^2 

(C) [{WCI2 (PPh^) 2 }|J 2«2 



/• Transmittance (arb- scale) 






Transmittance (arb- scale) 
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Wavenumber (cm') 

Infrared spectrum 


FIG.III.I 
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Wavenumber (cnf ) 

Infrared spectrum 
FIG. III. 2 




Transmittance (arb- scale) 





Wavenumber (ctff') 


Infrared spectra 
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CHAPTER POUR 


IN SITU TRAPPING OP NO: APPLICATION OP S-NITROSO 
DERIVATIVES FOR METAL NITROSYLS SYNTHESIS 


In situ trapping of NO as a synthetic procedure for metal— 
nitrosyls using N-nitroso derivatives (^^^-NO) has been exploited 
in our earlier work [l] and an attempt was made there to generalize 
the method and to reduce imiltistep process for nitrosyl synthesis 
to a single-step one. It was also pointed out that the reactivity 
of a particular N— nitroso derivatives is a function of the stibsti— 
tuents R and R ' . 


Because of our continuing interest in finding new procedures 
for metal nitrosylation, we looked into the possibility of employ- 
ing recently synthesized S-nitroso derivatives [2] as nitrosylating 
agents which undergo dissociation reaction (2 RS— NO — — > R— S— S— R + 

2 NO) at varying temperatures depending upon the organic moiety 
linked to the sulfur. The temperature dependence of S-nitroso 
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derivatives has further ad<led an interest in us because for most 
of the cases the percentage yield of a particular metal nitrosyl 
using NO as a nitrosy latincj agent is temperature dependent. (Some 
metal nitrosyls can not be synthesized even at room temperature) [ 3 3 • 
Thus there exists a possibility of clioosing a S-nitroso derivative 
3- particular metal nit rosyl synthesis. The focus of this 
chapter is to study the nitrosyl group transfer in solution from ; 
S”nitrosocysteine to metal centers (Ru. Rh, Co) in presence of othef 
coligands . 

IV .A Experimental 

Chemically pure grade chemicals were used throughout. 

S— nitrosocysteine [4,5] and starting complexes of Ru and Rh were 
prepared and purified by literature procedures [ 6 , 7 ]. 

IV.B Synthetic Procedure 

(l) Reaction of RuCl^ •XH 2 O with S— Nitrosocysteine in the presence 
of Triphenylpliosphine 

40 ml of a solution containing (25 ml) of ethanolic solution i 

I 

of RuCl^ .xI-UO ( 0.5 mmol), triphenylphosphine (2 mmol) ,( 15 ml) of 
3 -i 

S— nitrosocysteine (0.48 mmol) in tris solution was heated under 
reflux for 40-45 min, whereupon shining yellow crystals of 
[Ru(cys-cys) 2 Cl(N 0 ) ] were separated on cooling the solution. 

Crystals were filtered, washed with water, ethanol and dried under 


vacuxxm. 
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(II) Reaction ol' |_RuCl,^ ( I’Ph^) ^ J with S— Nltrosocysteine 

15 ml of an aqueous stjIutLon of S—nitrosocysteine (0,48 mmol) 
was added to(lO ml) ethanol ic solution of [ruCI^ (PPh 2)3 ] (0.05 mmol) 
and the reaction mixture was heated to reflux for 40-45 min whereby 

a yellowish orange coloured compound [ru (NO) CI2 (cys-cys) (PPh^l^l 

separated. It was filtered and washed as in (I) and dried in vacuum. 


(Ill) Reaction of [RuCl 2 (PPh,j) 2 J with S— Nitrosocysteine in presence 


of llgCl., 


The procedure toi* carx'ying out tlio reaction was the same as 
that given in(Il) r'xcept tliat 0,05g of, MgCl^ was added to the react- 
ion mixture. It ruaulted In the io,cm«t.lon of a compound v/hich was 
analyzed as [Ru(!iO)(;l^ (i’Phj|)^, |. 


(IV) Reaction of LRUCI 2 ( PE’^^ 3 ) 4 .1 with S-Nitrosocysteine 

5 ml of an aqueous solution of S-nitrosocysteine was allowed 
to react with (10 ml) of an ethanolic solution of [RUCI 2 (PPh^)^^] by 
the procedure given in(Il) whereupon [ru(NO) Cl^ (cys ~cys) (PPh^)] 
was precipitated out. 


(V) Reaction of [RhCl (PPh^) 3 ] with S-Nitrosocysteine 

A solution of [RhGl(PPh 3 ) 3 ] (0.1 mmol) in (15 ml) of ethanol 
wgfe allowed to react with (15 ml) of an aqueous solution of s-nitroso- 
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cysteine (0.5 miiiol) , according to the procedure given in ( D) whereby 
[Rh (no) CI 2 ( ) ( oys—cys)J was sei-Jarated. 

The same reaction when carried out in presence of HgCl 2 
yielded [ Rh (NO) ( hPh^ ) 2 ] . 

(VI) Reaction of C 0 CI 2 . 6 H 2 O with S— Nitrosocysteine in presence 

or LiClO^ and 2,2 ‘—Bipyridyl : 

COC 12 - 6 H 20 (0.25g) and LiClO^ (0.2g) were dissolved in (20 ml) 
of absolute etlianol and the aohition was deaerated by flushing with 
nitrogen. A solution of 2, 2 bipyridyi (0.37g) dissolved in hot 
ethanol (10 ml) was slowly added to the. C 0 CI 2 solution under nitrogen,: 
followed by the addition ('>l- S-nl trosoti-.yateine (0.25g) in (15 ml) water. | 
The resulting solution wan st.irred at room temperature for 30 mintr- 
tes, whereby brown microcrystalline c;ompound [CG(bipy) 2 ^ 1 (N 0 ) ]cl0^ : 

was separated. It was flltex'ed, washed with ethanol, ether and 
dried under vacuum. I 

(VII) Reaction of CoCl 2 * 6 H 20 with S-Nitrosocysteine in the | 

presence of LiClO^, NaN 02 , and 2,2 '-Bipyr idyl 

0.l5g 2 , 2 '-bipyridyl, (0.5g)LiClO^, and (0.04g) NaN 02 were mixed 
in 10 ml of ethanolic solution of (0.l5g) and deaerated j 

with N,i gas, followed by the addition of 15 ml of S“nitrosocysteine 
solution in water. ThecoJair of the solution turned brown and 
finally a yellowisii brown solid was separated out. 


It was filtered. 



133 


washed with ethanol and ethex" and dx'led under vacuxim. The compound 
was analyzed for [co (bipy) ,,(N0) (NO^) ]clO^ . 

IV .C Analyses and physicochemical measurements 

Microanalytical work has been carried out in the Microana— 
lytical Lab. of the Indian Institute of Technology# Kanpur. Infra- 
red spectra have been recorded on a Perkin-Elmer 580 Spectrophoto- 
meter in KBr discs. Magnetic measurements were made on a Guoy 
balance at room temperature . The results are given in Table IV. 1. 

IV. D Results and Discussion 

The empirical formulae of the compounds resulting by the 
interaction of S— nitrosocysteine with metal ions are enlisted in 

Table I V.l. The bright yellow diamagnetic Ru(ll) complex [ruCKNO) — 

-1 

(cys-cys) 2 ] exhibited in its IR spectrum a band at 1870 cm 
corresponding to (Vj^q) besides the characteristic bands of cystine. 
The positions of all cystine bands (3500# 2900, 2565, 1742, 1577, 
1521, 1231, 1216 and 876 cm"^) excef)t one around 1700 cm ^ (assigned 

to (v ) of coo"” group) remained constant. The lowering of 1700 cm 

'CO 

band position suggested bonding of ruthenium though COO moiety. 

Presximing ruthenium in +2 oxidation state with a formal charge of 

+1 on NO 1 (v ) , 1B70 cm"”^ j the charge balance required cystine to 
NO 

be bonded with ruthenium a® uninegative ion (Dipositive ruthenium 
in the complex is also suggested by its diamagnetic nature) . It is 
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therefore, assumed that the binding of cystine with ruthenium . 
occurs through COOH group after deprotonation. Further six being 
the preferred coordination number of Ru(ll) in its complexes [s] 
each cystine anion should provide two bonding sites to the metal 
center which could be either another oxygen, sulfur or nitrogen 
atom. Although it is difficult to decide the second donor site, 
but since the positions of other IR bands assigned to cystine 
remained practically unaltered, we tentatively assume oxygen atom 
of the COO group to be another bondin (3 site. It is, however, only 
tentative . 

An orange yellow complex having an empirical formula [ruC 12“ 
(NO) (PPh^) 2 been obtained by the reaction of [ruC 12“' 
(PPh ) ] with S-nitrosocy®teine. The IR spectrum exhibited the 

characteristic bands of PPh^ and cystine. The position of (v^^q) of 
cystine also shifted to lower wave number suggesting the bonding 
of ruthenium with carboxyl group after deprotonation because of 
the charge balance as discussed in the preceding paragraph. 

It appears that in both Ru(Il) complexes cited above, cystine 
formed during the decomposition of S~nitrosocysteine also coordina- 
ted to ruthenium along with NO group. In order to Inhibit the 
cystine coordination during the reaction, a strategy of removing 
the cystine from the reaction site fonried after decomposition of 
S— nitroso compound was thought. If tiie reaction is performed in 
presence of HgCl 2 # the latter will not only catalyze the decomposit- 
ion of s-nitroso compound [ 9 ] but will also pickup preferentially 
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the forrned organothio radical leaving HO radical for coordination 
with tile rnetal ion in accordance with the following reaction* 


H^O + 





HNO2 + + 



Thus# the reaction when carried out in the presence of excess HgCl2 
yielded pure [ruCI^ (NO) (PP hj)2] in our reactions. 

Similar to ruthenium complexes the reaction of [phClCPPh^) 
with S-nitrosocysteine yielded a mixture of [RhCl2(N0) (PPh^) (cys- 
cys) ] and [RhCl 2 (NO) (PPh^) 2 ] . However, the same reaction In presence 
of HgCl 2 yielded pure literature known compound [RhCl 2 (N 0 ) (PPh 2 ) 2 ]» 

The reaction of Co{ll) salts witli the S— nitroso compound 
did not yield a complex having bonded cystine even under varying 
reaction conditions. These reactions, however, yielded pure litera- 
ture known complexes (Table l) , Possibly Co(Il), being 'a' class 
metal ions may not bind preferentially with sulfur-containing cystine 
in presence of a better base, viz 2,2 '-bi pyr idyl. The literature 
known complexes viz. [ruCI ^ (NO) (PP h^) 2 ] [RhCl2(N0) (PPh 2)2 

[coCl(NO) (bipy)2]ci0^ [l 2 J, Lco(N02) (NO) (bpy) 2]cl0^ [l 2 ] were 
identified by comparing their m.p. mixed m.p. spectral (IR, UV, and 
visible) and magnetic properties with the authenticated samples 
prepared by the literature methods. 
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It is evident from the above discussion that there exists a 
definite possibility of applying successfully S— nitrosocysteine# in 
particular, and S— nitroso derivatives, in general, for metal nitro— 
sylation reactions. It is also obvious that the competitive react- 
ion of the generated organothio radical to link with the metal ion 
(particularly b— class) along with its dimerization can be inhibited 
by adding excess HgCl2 which not only assists in removing the thio 
radical from the reaction but also catalyzes the decomposition of 
S— nitroso compounds . Furtlier work in tl^ils direction is in progress 
where the application of the method will be utilized for the nitro— 
sylation of other metal ions with other S— nitroso derivatives, 
especially those having stability at low temperature. The latter 
reactions will be carried out with those metal ions where nitrosyls 
are obtained only at low temperature. 
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CHAPTER FIVE 

NITROSOTHIOUREA: ITS REACTIVITY WrTIl 
I-ETAL IONS AND THEIR COMPLETES 

The studies of Werner [ij and Stedman, et al. [2] have shown 
tliat the unstable S~nitrosothiourothonium ion formed by the reaction 
of HNO 2 with thiourea undergoes dissociation through two parallel 
pathways (1) and (2) , 

4. 

H + HNO 2 + SC(NH2)2 ^ (NH2)2CSN0 

-b “2° 

(NH2)2CSN0 - NH 2 C3 NHNO — NH2CS-N*NQH 

NH2CS-N=N0H ^ H"*" + HNCS + N 2 + Oh“ (l) 

2h'‘' + HNO 2 + 2SC(NH2)2 (NIi2)2GSSC(NH2)2 + 2NO + 2 H 2 O (2) j 

The first mechaniatn which proceeds via initial migration of ! 
the nitroso group from sulphur to nitrogen with the sxib sequent hydro- 
lysis of N-nitroso product to thiocyanic acid and N 2 , is favoured 
at low acidities, while the second one, at higher acidities. In 
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both the parallel reactions, NO qroup ia either generated (2) or 
migrated from sulphur to nltrogenil) • A possibility arises that 
S“nitrosothiourothonium ion (j'eferrecl hereafter as NTU) might act 
as a nitrosylating agent because of the generation of NO group in 
botli the pathways, which might be trapped by a metal ion, if present 
in the system, to form its metal nitrosyl. However the formation of 
NCS ion may create a problem l.n its own right. This, being a very 
good ambidentate ligand, may preferentially be picked up by the 
metal ions to yield thiocyanato complexes. Since In situ trapping 
of NO, by metal ions lies witliin our interest, we have set out to 
examine the reactivity of NTU as nitrosylating agent over a range 
of acidities (from S?M to pH 7 ) . In addition, metal ions chosen for 
the reactions are tliose which form metal nitrosyls at room or at low 
temperature. Since these metal ions can ai.so be potential thio- 
cyanate scavangers, the relative ovet'all efficacy of NO group trapp— : 
ing by the metal ions to tliat of thiocyanate ions under given experi- 
mental conditions may also be compared. This chapter reports some 
work in this direction. 

Experimental 

The chemicals used were of Analar or chemically pure grade. 
Solvents were freshly distilled. NTU, complexes of Ru, Rh, Ir, Pd 
and Pt were prepared and purified by the literature methods [3-7]. 
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of nltrosothlourea (NTU) with Cr(Il)/ Mn(Il), Fe(Il); 
Co(ll)/ Ni(Il), cu(ll), Ag(I), Zn(ll), Cd(Il) and Hg(Il) salts 
in presence of pyridine, 2,2 '~blpyrldyl and 10— phenanthroline 

( I ) Reaction of NTU with Co ('.[.I) acetate in presence of pyridine 

25 ml methanol ic solution containing Co(ll) acetate (1 mmol) 
was cooled to about 0°c using an ice-salt bath. 15 ml aqueous solut- 
ion of NTU (freshly prepared) and (4.5 mmol) of pyridine were 
simultaneously added to this with vigorous stirring. The stirring 
of the r€iS’Jlting solution was further continued for about half an 
hour more at zero degree, wheireupon a pink compound separated. It 
was filtered/ washed with water and methanol. It was extracted 
with excess of alcohol and the deep blue extract was slowly evapora- 
ted on a water bath whereby pink needle shaped crystals were crystal? 
zed out. These were filtered, washed with ether and dried in vacuo . ; 
They were analysed for [cO (py) ^ (NCS) 2 ] • 

(II) Reaction of NTU with Cr(II) acetate in presence of pyridine 

The same procedure as described in [v.B.l(l)] was adopted to | 
carry out the reaction except that Cr(Il) acetate was used in place ; 
of CO (II) acetate. The reaction product was washed with water, j 

ethanol and dried Jn vacuo . It was analysed for [cr (py) ^ (NCS)2»H20]| 

(III) Reaction of MTU with Mn(Il) chloride in presence of pyridine 


The same method as described in [v .B.l(l) ] was followed excep- 
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that Mn(II) chloride was used Jn place of Co(Il) acetate. The react- 
ion product was identified as (NCS) 2 ] 

( IV ) Reaction of NTU with Fe(I’I) sulfate In presence of pyridine 

The reaction was carried out following the same procedure as 
described in [v.B.3 (I)] except, tliat Fe(ll) sulfate was used in place 
of Co(H) acetate. Thcj brownish black needles which were obtained 
as the reaction pru^uct, analysed for [Pe (py) ^ (NCS) 2 ] . 

(V ) Reaction of NTH wlthi M .1, (II) chlor ide in presence in pyridine 

The same r<nactlon pioc«tdure as described in [v.B.l (I )] was 
adopted to carry out the reaci-ion except that Ni(Il) chloride was 
used in place of Co (II) acet.ate. The final reaction product which 
was obtained, analysed for [,N1 (py) ^ (NCS) ^ J • 

(VI) Reaction of NTU with Cu(Il) sulfate in presence of pyridine 

The procedure adopted to carry out the reaction was the same : 
as described in[v.B.l (l)]except that Cu(Il) sulfate was used in placf 
of Co (II) acetate. The reaction product was identified as [Cu(py)^-j 
(NCS)2]. 

(VII) Reaction of NTU with AgNO^ in presence of pyridine 

The same inetliod as described in [ V .B .1 (l) ] was followed to carr 
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out the reaction excei>t that A.(iNO.,^ u/usd in place of Co(Il) 

acetate. The white needle shai:ie<3 crystals, obtained as the reaction 
product, were anal ys«d tor [ Aq ( {>y) m '■ NCh) ,, j . 

.win . 

(VII I) Reaction of NTU with ZrtCl,, irr pi.'esence of pyridine 

The same procedure as described in[v.B,l(l) ]was adopted to 
carry out the reaction except that ZnCl 2 was used in place of Co(ll) 
acetate. The reaction product was analysed for [zn (py) ^ (NCS) 2 ‘H^o] . 

(IX) Reaction of NTU with CdSO^ in presence of pyridine 

The reaction was carried out by the procedure as described in 
[v.B.l (l) Jexcept that CdSO^ was used in place of Co(Il) acetate 
[cd (py) 2 (NCS) 2 j was the reaction product. 

(X) Reaction of: NTU witl) Hqc:l 2 in presence of pyridine 

The reaction was performed by the method as described in 
[v.B.l (I) lexcept tliat llgCl 2 was used, in place of Co(Il) acetate. 

White crystals of the [Hg (py) ^ (SCN) 2 ’!' were obtained as the reaction 
product. 

(XI) Reacti on of Co (II) Acetate with NTU in presence of 2, 2'- 
bipyridyl 

A niethanolic solution (25 ml) of Co (II) acetate (1 mmol) was 
added to 10 ml of NTU solution (freshly prepared) containing 2 rtimol 
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bipyridyl. The resulting niixture was stirred at O^C for half 
an hour/ whereupon a bluish pink compound was separated out. It 
was filtered/ washed with water/ methanol and dried vacuo . The 
compound was analysed for [co(bipy) ^ (NCS) 2 ] • 

(XII) Reaction of NTU with co(ll) Acetate in presence of 1/10— 
phenanthrol Ine 

The same procedure ns described in [v.B .1 (Xl)] was adopted to 
carry out tVie reaction except that 1 , 10- phenanthrol ine was used in 
place of 2/ 2 bipyridyl . The reaction product was analysed for 

[co(bipy)2(NCS)2]- 

(XIII) Reaction of NTU with Nl(Il) Nitrate in presence of 2/2'- 
bipyridyl 

The reaction was carried out by the same procedure as descri- 
bed in [v.B. 1 (XI)] except that Ni(Il) nitrate was used in place of 
Co (II) chloride. The blue needle shaped crystals, obtained as the 
reaction product/ were analysed for [nI ( bipy) 2 (NCS) 2 ] • 

(XIV) React ion of NTU witli Nl(Il) Nitrate in presence of 1,10- 
phenanth rol ine 


The procedure adopted to carry out the reaction was same as 
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described in[V.B .1 (XIl) ]excopt. tl'iat Ni(ll) nitrate was used in 
place of Co{Il) acetate. The reaction product was identified as 
[Ni(phen)2(NCS)2]. 

(XV) Reaction of MTU with Cu(Il) sulfate in presence of 2/2'-“ 
bipyridyl 

The reaction was carried out following the same procedure as 
described in[v.B .1 (Xl) jexcept that Cu(II) sulfate was used in place 
of Co(ll) acetate. The greenish needles which were obtained as the 
reaction product analysed for [cu(bipy) 2 (NCS) 2 ] • 

(XVI ) Reaction of NTU with Cu(Il) Sulfate in presence of I^IO— 
phenanthroline 

The same method as described in [v .B .1 (XII) ]was followed to 
carry out the reaction except that Cu(Il) sulfate was used in place 
of Co (II) acetate. The green needle shaped crystal were analysed 
for [cu(phen) 2 (NCS) 2 ]* 
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V.B.2 Reaction of L^o (py) ^ (NCS) 2 ] with tetramethyl, tetraethyl- and 
tetrahutyl anunonium chloride 

(I) Reaction of [co(py) ^ (NCS) 2] with [ (CH^) ^nJ'^'cI 

20 ml of a methanolic solution containing (1 mmol) of [coCpy)^ 
(NCS) 2 J was added to a 10 ml methanolic solution of [ (CH^ ) ^Nj'^'cl 
(2.0mmol) . The resulting mixture was heated under reflvix for about 
an hour. On cooling it to room temperature and concentrating it to 
nearly half its volume on a water bath, a deep blue oily product 
was sepai'ated which on repeated crystallization from CH 2 CI 2 afforded - 
a deep blue complex. It was filtered, washed with alcohol, ether 
and dried iui vacuo . It was analysed for [ (CH^) ^n]2[coC12 (NCS) 2 ] • 

(II) Reaction of [co (py) ^ (NCS) 2 .1 with [ (€28^) ^n]'^C 1 

The same reaction procedure was followed as described in 
[v.B. 2(1)] except that [ (C 2 Hp^) ^nJ'^CI was used in place of [ (CH^ ) 4 N]'‘‘c 1 . ; 
The reaction product was analysed for [ (C 2 Hp^) 4N]2 [coC12 (SCN) 2 ] • 

(III) Reaction of [co(py) ^ (NC S) 2 ] with [(C 4 Hg) 4 N] Cl 

The same method as described in[v.B.2 .(l)]was followed to j 
carry out the reaction except that [ (C 4 Hg) 4 N]‘'’c 1 was used in place j 
of 1 (CH ) nJ'^CI. The reaction product was identified as [(C4Hg)4N]^ 
[co(SCN)4]. The yield was relatively poor. j 
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V . B . 3 Reaction of NTU with Ru, Rh, Ir, Pd and Pt complexes 

(I) Reaction of NTH with [uuCl^(PFh ) 1 

[ 3 3 

15 ml solution of NTU (freshly prepared) was 
added to a refluxing solution containing (. 260 )gms of [RUCI2 (PPh^) 3 ] 
in 25 ml/ l^l ethanol/CH2Cl2 . The resulting mixture was refluxed 
for about 1.5 hours. On cooling the solution to room temperature^ 
a yellow orange microcrystalline compound was precipitated. It 
was separated by filtration, washed with etlianol, and diethyl- 
ether and dried to vacuo . It was repeatedly recrystallized from 
CH2Cl2/petroleum ether, washed with petroleum ether and analysed 
for [ru(NO) (NCS)2(PPh3)2Cl]-^ ai2Cl2. 

(II) Reaction of NTU with [uhCl (PPh^) 3 J 

The same reaction procedure was followed as described in 
[v.B .3 (1)1 except that [RhCl (TPh^) ^ J was used in place of [RUCI2-- 
(PPh3) 3 ] . [Rh (NO) (NCS)Cl (I'Ph^) 3 ] was obtained as the reaction product. 

(III) Reaction of NTU with Ll^Cl3 (PPh3) 3] 

The reaction was carried out by the procedure as described 

in[v.B. 3 (l)] except that [lrCl3 (PPh3) 3 ] was used in place of 

[ruCI (PPh ) 1. The reaction product was repeatedly recrystallized 

^ 2 3 3 "^ 

from CHoCl,^/MeOH . A pale yellow crystalling complex [lr(PPh )2” 

2 . 

(NCS)2C1 (thiourea) ] was separated as the reaction product. 
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(IV) Reaction of NTU with [ Ru (NH. ) ,.C3.’jcl,. 

The same method as d«.! scribed in V.B.I.(l) was followed to 
carry out the reaction except that [ru ^Cljcl^ was used in 
place of Co(ll) ace tf.ite . Tlici reaction w<is carried out in absence 
of pyridine. The ye. How crys tvilline compound which was obtained 
as the reaction product was analysed for [ru (NCS) (NO) (NH ).]clo. 

(V) Reaction of NTU with [ hd( PPli^) | 

The same reaction procedure as described in [v.B.I (I)] was 
followed except that it was carried out in the absence of pyridine. 
25 ml solution of ['’d(pph^)^ j in ethanol/dichloromethane (IH) was 
used in place of Co (II) acetate. The final reaction product was 
analysed for [M (PPh^) (SCN) ,.J . 

(VI) Reaction of MTU with [i'i;.(r'Ph^)^] 

The pj"Oceiiurtj cu'i opted to carx"y out the reaction was the same> 
as described in[\/.li. 3 (v) ] exc<?pt that l.RtCPPh^)^] was used in place 
of [Pd(PPh ).J. The; yt’Ilow orange compound which was obtained as 
the reaction product was analysed for {.Pt(PF>h.^) 2 (NCS) 2 ]» 

V.C Analyses and P hysico chemical measurements 

Carbon, hydrogen and nitrogen in the products were analysed 
by the Microanalytical Laboratory of the Indian Institute of Techno- 
logy, Kanpur, India . The percentage of sulphur and halide in the 
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samples were estimated by t.lie methods described elsewhere [8-9]. 
I.R. spectra in Kl.-ix' discs, m.[.i, nud macjnetic susceptibilities at 
room temperature of the comj:)lcxes were recorded on a Perkin Elmer 
580 spectrophotometer/ Fisher Johns melting point apparatus and 
Guoy balance respectively. 

Microanalytical and other physical data of the complexes 
are given in table V.l. 

^ Results and discussion 

The results of the reactions of the metal ions and their 

complexes with NTU in presence of different coligands are shown in 

Table (V.l). These indicate that in most cases the reactions yield 
their thiocyanates in reasonably good yields (ca. 60 ) . Since some 
of the products are literature known, they have been identified by 
their elemental analyses and by comparing their colours, melting 
points, mixed melting points, i.r. spectra and magnetic suscepti- 
bility data with those of the authentic samples. 

• Reactions ot NTU with metfil ions and complexes in presence 

of coligands were carried out strictly under the conditions used 
in the literature for the metal nitrosyl synthesis. The reactions 

of NTU with the salts of Mndl), Fe(Il), Ni(II), Ag(I), Cd(Il) 

and Hg(Il) [lO-l?] ions in presence of pyridine and those of 
Co(II), Ni(Il) and Cu(II) ions in presence of 2,2'-bipyridyl and 
1, lO-phenanthroline [iS], [PdCPPh^) ^] and [Pt(PPh^)^] [l9] yielded 
the literature known thiocyanate complexes. While CoClI), Cr(Il) 
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and Zn(ll) under the similar ECiaction conditions yielded different 


complexes. Cr(lJ. ) acetate In tu'osence ot pyridine yielded a white 
complex which was analysed tor [cr (NCS) ^ (py) 2 .H 2 O] . Its i.r. spect- 
rum displayed an intense split band around 1965 cm”^ ^ weak 

to medium intense bandj, arnvind 760 cm ^ (v ) and medium intense 

— 

band around 450 cm bensldes t.he characteristics bands of 

pyridine. The positions of these bands have been interpreted as 
resulting from the linkage of amJjidentate ligand, NCS, through 
N atom [20]. The salts of Zn(ll) and Co{Il) yielded complexes 
having empirical formula [Zn (py) ^ (MGS ) 2]»H20 and [co(py) ^ (NCS) 2 ] or 
[co (py) g ] [co (NCS) ^ J respectively. The solution of cobalt complex 
in ethanol is deep blue from which pink needle shaped crystals 
having cobalt in the anion separated on slow evaporation. If the 
solution of the latter pink crystals were passed through a column 
of cation exchanger in ethanol or methanol, the elute on treatment 
with tetramethyl, tetraethyl or tetrabutyl ammonium chloride 
yielded [ (CH^ ) ] 2 [coCl 2 (SGN) 2 ’] / [ (C 2 Hj^) ^n]2[CoC12 (SCN) 2 ] and 

[(C^H 9 )^nJ 2 [co(SCN)^ J respectively. 


Although the formation of thiocyariato complexes by nearly 
all the metal ions suggest the generality of the reaction course, 
of interest here are the reactions of ruthenium and rhodium ions 
and their complexes which also pick up NO, along with SGN ions. 
Gonsidering the remarkable affinities of these metal ions for NO 
ligands [21 ], the products obtained by tlie reactions of these metal 
ions were not unexpected. [ru(NO) (NCS) 2 CKPPh 3 ^ 2 ^ the first 
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nitrosyl derivative (),f rutlii'olutu <>t thin type/ though other mixed, 
halide derivatives ijf. i"i.i thf-'U.Luin hove already been reported. 

Bright yel.low orange c,ry}:ita 3 .line diamagnetic Ru(Il) complex 

[ru(NO) (NCS) 2^1 ) 2 .I 1/2 c;U 2 Cl 2 obtained by the reaction of 

[RUCI 2 ( PPh^ ) 2 .] witli NTU exlill;>ited in l.t:a i.r. spectrum an intense 
—1 

band at 1875 cm benidos the; characteristic bands of PPh^ 

and another band at 2080 011 “’' corresponding to Other chara- 

cteristic bands of NCS group are also present in the region of 
860 cm ^ and 470 cm ^ assigned to and respectively. 

Since for M-NCS bonding/ v and v fall approximately in the 
ranges (2080-2040 cm”^), (860-780 crn“^ ) and (450-470 cm“^) / it is 
presumed that the NCS group in the complex is bonded through N/ 
atom. Furthermore it is well known that the nitrosyl group (NO"^) 
is strongly trans di,recting [22] and prefers to coordinate trans to 
the ligand of weakest trans influence in a given complex. Since 
the trans influence of chior.lde ions is less than that of thio- 
cyanate [ 22 ] we suggest tliai. MO group is bonded to the metal ion 
trans to the chloride ions aiicl equillbi iuiu between [ru(NO) (nCS) 2 ” 
(PPh 2 ) 2 ] and [ru (NO) Cl (NCS) 2 (l’l'h 3 ) 2 ! favour the latter complex. 

In addition, since NCS ions in the system are present in very large 
excess compared to Cl"* ions, it is expected that dichloro derivative 
[ru(N 0 )c 12 (NCS) (PPh 2 ) 2 J should be less preferred over the dithio- 
cyanato complex. Evidence I'or the trans positions of PPh 2 groups 
comes from the fact that bands appear as single bands 

suggesting (1) tlie position of NCS groups trans to each other and 
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(2) in the complex [Ru (NO) Cl^ {I’Ph^} 2 ] both the phosphine molecules 
prefex" to bind metal ion in the trans position rather than in the 
cis [23]. 


NO 



The reaction of [ru(nh^) ^^01 ]cl 2 with NTU in aqueous medium 

led to a yellow nitrosyl containing product of stoichiometry 

[ru (no) (NCS) (NH^ ) ^ JCI 2 . In view of tim (1) elemental analyses 

which indicated the empirical formula [ru(NO) (NCS) (NH 2)^]cl2 

(2) infra red spectrum which indicated the presence of No"*" (v„^+ 

NO 

1875 cm ^) , NCS group (v_, 2080 cm ^ (strong sharp)), v__, 860 

—.1 

cm (weak); 480 cm (medium intensity)) besides the chara- 

cteristic bands of NH^, (3) ion exchange studies indicating the 
presence of NCS group inside the coordination sphere (anion exchan- 
ger exchanges all the Cl ions and not the NCS group and cation 
exchanger retains tlje NCS group and Cl“ ions are eluted out) and 
(4) NO being strong trans directing, prefers to coordinate NH^ mole- 
cule (weak trans directing grcmp) in its trans position, the follow- 
ing structure is proposed, ilowever other structures may also be 
possible . 
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The nitrosyl containing species of rhodium [Rh (NO) (NCS) Cl- 
(PPh^)] was synthesized by the reaction of NTU with [RhCl(PPh 2 ) 2 ] . 
The reaction proceeds with the oxidation of Rh from +1 to +3 . The 
only species present in the system which may possibly act as an 
oxidising agent is NO"^ which might have been picked up by the Rh(l) 
during the intramolecular trans migration of NO”^ from sulphur to 
nitrogen (cf. Scheme 1). Since Rh(III) prefers octahedral structure 
in its complexes, four coordination around Rh(III) in the complex 
is highly unexpected. However, of pertinent here is the position 
of band (2110 cm that appeared at a relatively higher posit- 

ion in its i.r. spectrum which points to the bridging nature of the 
NCS group. Furthermore and also span the range of the 

bridging nature of the NCS group. It is unfortunate that we are 
not in a position to confirm the Rh-Cl band because of the presence 
of a large number of ligand bands in that region. The presence of 
a band at 1630 cm”^ in its i.r. spectrum besides the characteristic 
bands of coordinated NO group. In view of these 

results, tentatively an octahedral structure of the rhodium complex 
with bridging NCs” and Cl"" ions besides the NO and PPh^, molecules 
bonded trans to each other have been proposed. Another possibility 
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of NO and biidging Cl coordinated in trans position also exists. 

It is however not (rofisilole l.o decide In between the many alternat- 
ing structures of this complex. 

The reaction of iridium complex with NTU yielded an octa- 
hedral complex [ir ( 1'1‘h^ ) ^ (NCH) .^Cl {Th 1 ou roa) ] . To confirm the 
coordination of thi.<5urert, tire complex. Iras been recrystallized a 
number of times in different solvents and allowed to pass through 
the sephadexrlO column. In every case the eluted complex was 
identical with the starting material. The i.r, spectrum of the 
product exhibited the bands given in the Table V.l, which sugges- 
ted S— bonded thiocyanate which is not unexpected because of 'b ' 
character of iridium. In addition, all the characteristic bands 
of PPh^ and thiourea are also present in the spectrum. 

In the remaining products it is note— worthy to observe that 
NO, group is not linked with metal ions. 

I 

Another point of intarcst is that in all the reaction product}^ 
despite the fact whether NO is linked wj th the metal ion or not, 
thiocyanate goroup is Invar Jubiy bonded to the metal ion. This is [ 
understandable in the case of Pt and Pd complexes which have more | 

tendency to form complexes in zero valent state rather than the J 

nitrosyl complexes [24]. Desides, in t2 oxidation states they 
prefer to form (^ 202 )^” complexes [25] which we assume to be 
relatively unstable with respect to those of their thiocyanates and, i 
particularly, when NCS concentration is very high in the medium. 

The same argument may be cfuoted for first row transition metal ions. 
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In moat cases ui.l'i'(jyyl group Is liiLroducad in the complexes of 
first transition series eltuiieiitu under special reaction conditions. : 
We/ therefore/ presume, that one of the many reasons for NO group 
not linking with the metal ions of the first transition series may 
be their greater affinity for NCS group compared to NO, which yield 
stable S or N bonded thiocy.uidrto complexes depending upon their 
'a' or 'b' character. 

Emerging conclusion from tVie foregoing discussion and experi- 
mental results is tliat NTU does not have favourable potentiality 
for nitrosylation unless the ritetul ion itself has relatively higher I 
affinity for NO group. Thu reason which may be put forward for i 
this could be that Llie read ion (2) is so fast that before picking 
up ho'*’ by tlie metal ion Cor nitrosylation, it migrates to the N atort 
of thiourea which f’(ub3ec]u«Mt 1 y ducomposed to NCS by destroying the ; 
NO^ group and due to higher cxmcentration of NCS, the latter pre— | 
ferentially attacks the metal Ions to give thiocyanate complexes 
rather than nitrosyls. 
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CHAPTER SIX 


ALKYL NITRITES AS NITROSYLATING AGENTS 

Although a riuniber of syntheses of metal nitrosyls are availa 
ble in literature# the interaction of gaseous NO with metal ions ar 
their complexes still remains the method of choice. On the other 
hand thermodynamic instability coupled with its being menacing 
pollutant sometimes puts a constraint on the use of NO as a nitro— 
sylating agent. One possible route where direct use of NO is avoi- 
ded could be in situ generation of NO through the cleavage of weak 
0— NO bond# with stibsequent trapping by the metal ions. Literature 
survey indicates practically no work in this direction except the ; 
use of pentyl and isopentyl nitrites [l#2] as the nitrosy dating ; 

agents in a couple of reactions only. A detailed study of reactioi 
of various alkyl nitrites may therefore assist in their utility fo; 
the synthesis of metal nitrosyls. The present chapter describes 
the synthesis of known metal nitrosyls using alkyl nitrites (methy 
ethyl# propyl and n— butyl) as nitrosyl a ting agents for the first ti 
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VI. A Materials and M ethcx1<i 

The reactions and t)f)erations desci'ibed below were carried 
out under oxygen— tree nitKigen atmosphere. All the solvents were 
thoroughly degassed before use. Solvents and reagents were 
purified by standard methods. Alkyl nitrites (methyl [3], ethyl [ 4 
propyl [ 5 ] and butyl [ 6 j) and [Fe(Py)^Cl 2 J [ ?] were prepared by 
the literature procedures. The ligands rnaleonitrile dithiolate [s], 
5/7— dinitroatninoquinoline/ acetylacetone-ethylenediamine and benzoyl-^ 
acetone-ethylenediamine [9] were prepared by the literature methods, 

VI. B Synthetic Procedures 

Following are the typical procedures for the interaction of 
alkyl nitrites with the metal ions and their complexes. 

(I) Reaction of C 0 CI 2 •611^,0 with inefchyi/etiiyl nitrite in presence: 

of rnaleonitrile dit hiolate and blpyridyl 

Methyl/ethyl nitrite gas was p<?issed for 30-40 min. through a 
deaerated methanolic solution (25 ml) of CoCl2»6H20 (15 mmol). 
Methanolic solution (20 ml) of; rnaleonitrile dithiolate (5 mmol) 
was added to this solution with vigorous stirring followed by 
bipyridyl (5 mmol) in dich loxome thane (25 ml) and the resulting 
solution stirred for 2-3 hr at room temperature whereupon dark brow 
crystals separated out. These were filtered, washed with ethanol, ; 
ether and dried in vacuo. 
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(II) Reaction of i B'e ( Py) with uio thyl/ethyl nitrite in 

presence of blpyridyi and ma leon i tr i le dithiolate 

.ietliyl/citliy 1 nitrite pas was passed for 45 min through a 
solution (25 ml) of [Fe (Py) ^Cl^ ! in CH^Cl^MeOH (i:i) and to the 
resulting mixture were added rnethanolic solution (25 ml) of maleo- 
nitrile dithiolate and a CH2CI2 solution (25 ml) of bipyridyl in 
succession. The resulting mixed solution was stirred for about 
2-3 hr when a brown microcrystalline compound separated out. It 
was filt«!red, washed with ethanol, ether and dried vacuo . 

(III) Reaction of C0CI2.6H2O with methyl/ethyl/propyl/n-butyl 

nitrite in presence of LiClO^ and bipyridyl i 

CoCl^. 6 H ,,0 ( 0 . 25 g) and LlClO^ ( 0 . 2 g) were dissolved in 
absolute ethyl alcohol (25 ml) and the solution was deaerated by 
flushing with nifrogen gas. To this sf>lution methyl/ethyl nitrite ^ 
gas was passed for 1-5 hr [in case of butyl and propyl nitrites, 

10 ml of the nitrite were added to the solution]. To the resultinc 
solution bipyridyl (0.37g) in bot etfianol (10 ml) was added and 
stirred for 30 min at room temperature whereupon a microcrystal lin^ 
compound analysing for [co (dipy) 2 (NO) Cl JclO^ separated out. It wa| 
filtered, washed with ethanol, ether and dried i£i vacuo. 
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(IV) Reaction of Co(CH 2 COO) 2 * 4 H 20 with rnethyl/ethyl/propyl/n~butyi 
nitrite in presence of dim e thy Iglyoxime 

Co(ai^COO) 2 . 4 H 20 (2.5 mmol) was dissolved in methanol (25 ml! 
and the solution cooled to 0°C. Methyl/ethyl nitrite gas (10 ml 
solution of butyl/propyl nitrite) was passed through it for 2 hr. 

TO this was added a solution of dimethylglyoxime (0.23 mmol) in 
methanol (15 ml) dropwise with continuous stirring whereupon a blac 
compound, analysing for [co (dmgli) 2 N 0 J separated out, which was 
filtered, washed with water, etlianol and dried Jri vacuo . 

(V) Reaction of C 0 CI 2 *611^0 with methyl/ethyl nitrite in presence 
of tx'iphenylphosphlne and triethylamine 

A solution of triethylamine, triphenylphosphine and CoCl 2 « 
6 H 2 O in i:2:i molar ratio in methanol (50 ml) was purged with N 2 
gas and through this solution was passed ethyl/methyl nitrite gas 
for 30-45 min. A brown solid, analysing for [co(NO) (PPh 2 ) 2 Cl 2 ] 
separated out, which was filtered, washed with ethanol, ether and : 
dried vacuo 

(VI) Reaction of chromous acetate with methyl/ethyl nitrite in | 

presence of diethyl dithiocarbamate ; 

The procedure used was similar to that of Malatesta []l0]. 

To a saturated solution of diethyl dithiocarbamate (250 mg) in 
ethanol (25 ml) a cold saturated solution of chromous acetate was 
added. Methyl/ethyl nitrite gas was passed through this solution 
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continuously lor 2.b hr, i lit,.* rod uad the filtrate evaporated to 
dryness under reduced piestHue. The residue was extracted with 
benzene and the benzene extract evaporated to dryness under reduced 
pressure to afford a deep red oil. it was placed in an evacuated 
desiccator. When the volume of this solution was reduced to half, 
some crystals of [cr(N 0)2 2 2 -^ separated out, which were 

filtered, and dried vacuo , in. p. 105. 

(VI I ) Reaction of Co(ll) acetylacetonate with alkyl nitrites 

A solution of Co(ll) acetylace tonate (0.5g) in dichloro— 
methane-methanol (50 ml, I'-l) was degassed by flushing with nitrogef 
gas at 15*^C- Ethyl/methyl nitrite? gas (or 10 ml of n— butyl nitrite) 
was passed Lhrougli Lht? solution lor 30 min and the resulting soluti? 
concentrated to about 10 ml. On thu addition of petroleum ether to 
the concentrate.i solution cj. yst-ils of [co (acac) 2 N 0 ] separated out, i 
whicli Wf?re 1 i Iti’rod, washod v/i t,h etluuiol and dried in vacuo . i 

(VIII) Reaction of Go(Il) ac etylacetonatoethylenediamine with | 

me thyl/ethyl nitrite gas 

Co (II) acetylacetonatoethylenediamine (1 mmol) was dissolved 
in dichloromethane— ethanol (25 ml, 1*1) and the solution cooled to ^ 
o'^C . Ethyl/methyl nitrite gas was bubbled through the cooled solut 
ion for 30 min at 0*^0. The colour of the solution changed from 
reddish yellow to brown. On tlie addition of petroleum .ether to 
the resulting solution, a black brown crystalline compound | 
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precipitated out, which wua Jiltered and dried vacuo . 

(IX) Reaction ol. (R.x'j Ijj .(.•i 1,,0 with me l.liy l/ethyl nitrite in 
presence of aimuonj.i solution 

The reaction was car t ied out accoxrding to the method of 
Mellor and Kraig [ It | . cfoi ;1 ,, .6iL,(.) (O.bg) was dissolved in water 
(20 ml), the solution treated wltli Ice cooled ammonia solution 
(10 ml) and degassesd by llusfilng with nitrogen gas with intensive 
cooling. Ethyl/rnethyl ni t ri te gas was passed through the solution : 
for 1—2 hr whereby black crystals of [co (NH^) ^NOj^Cl^ separated outi 
These wei'e filtered, washed with water, ethanol and dried vacuo «i 

VI. C Analyses and Physicochemical Measurements 

Carbon, hydrogen and nitrogen analyses were performed in the| 
Microanalytical Lal'Cratory <">!' the Indian Institute of Technology, 
Kanpur, India, Halide and sulfur contents in the samples were ; 
determined by the method described elsewhere [l2,13]« Infrared I 

spectra of the compounds w<»re recorded in KBr on a Perkin— Elmer j 

580 spectrophotonietex" , Melti.ng pointssarid magnetic susceptibilities 
at room temperature, of the complexes were recorded on a Fisher John 
melting point apparatus and Ouoy balance respectively. 

Microanai ytical and other physical data of the complexes are 


given in Table VI. 1. 
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VI. D Results and Discussion 

The nitjrosyl complexes o£ cobalt/ iron and chromiuin were 
synthesized by passing methyl or ethyl nitrite gas through solution 
of their complexes and salts. In a few cases the higher alkyl 
nitrites like propyl and butyl could also be used with almost 
similar results. The nitrosylattng agents were/ therefore/ confinei 
to the methyl or ethyl nitrite in all tins experiments. After purifi- 
cation by recrystallizati on the complexes were characterized by a 
number of physicocliemica.1 techniques. Elemental analyses of the 
complexes and the; position of: in their IR spectra are summari- 
zed in Table 1. In order to further confirm the identity of the ' 

complexes tliese were also synthesized by the literature methods 
using NO gas as nitrosylatlng agent and the properties of the 
products thus obtained were identical with these obtained presently 
It haS/ therefore/ been felt that the alkyl nitrites especially 
methyl and ethyl nitrites can be successively used as nitrosylating 
agents and that too under ambient conditions. I 

We, further surmize that in these nitrosylating reactions 
possibly in alcoholic medium alkyl nitrites get hydrolysed [ia] wif 
the subsequent generation of NO or HNO 2 which is picked up by the 
jnaetal salts or their cornplexes to give the respective raetal nitros^ 
Our experiments (unpublished work) also indicate that these nitrit^ 
can be sxiccessful ly used In the nitrosylation of II and III transit 
ion metal series 'also* 



Cable VI. 1. Characterisation Data of Various Nitrosyls Synthesised 
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CHAPTER SEVEN 


RELATIVE EFFICIENCY OF THE IHIONITRITES 
(PT, TTN, S-NITROSOCYSTEINE AND NTU) 

USED FOR METAL NITROSYLATION 

Although a number of aynthetic procedures like, interaction 
of metal ion and their complexes with NOX (X = Cl , Br / Br^ and 
NO2”) / alkyl and alkali nitrites/ hydroxylamines, dinitrogen 
trioxide/ concentrated nitric acid, transition metal nitrosyls 
and N— nitrosamldes are available in the literature for nitrosylat— 
ion, but all except a few have been used for nitrosylation of some 
specific metal ions or their complexes. NO is the most used nitro^ 
sylating agent and one may theirefor-e classify it as a general 
nitrosylating agent. It, however, has a number of other restra- 
ints. In the present study the possible application of organic ; 
S— nitrosoderivatives have been examined for the trans nitrosation 
reactions with the metal ions and their complexes . 

Thionitrites undergo both thermal and photolytic decompo- 
sition in a homolytic fashion to give nitric oxide and the free 
radical RS*. The latter can either abstract a hydrogen atom from 
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the solvent to yield thiol or form disulfide by reacting with 
another molecule of thionitrite. 


RS-NO ^ RS * ■ + NO 

Sk "" 

• . ■ . : v / £ “ . • 

RS* + RS-NO > RSSR + NO 

NO thus released, may react with the metal ions and their 
complexes present in the reaction medium to give the corresponding 
metal nitrosyls. Depending upon the nature of R in RS, the half 
lives of their thermal decomposition vary from a few seconds to a 
few months . 


It has been established that a few thionitrites, stable at 
room or lower temperatures decompose very slowly (CF^C-SNO decoinpo 
ses very rapidly at room temperature but very slowly at — 78°C) 
while some are unstable, even at low temperatures. Thus one may 
utilize the thionitrites which are stable at lower temperatures 
for the synthesis of those metal nitrosyls that are prepared at 
high temperature and vice-versa. 

In strongly acidic solution thionitrites denitrosate yield- 
ing NO and corresponding thiol 


RS-NO 



+ ' H„0 

R-S-NO ^ > 


H 


RSH + HNO 2 


The reaction is reversible with the equilibrium lying well over 
to the side of thionitrite. It can however proceed towards right 
in presence of,HN02 scavenger. Nitrous acid traps like, sodium 
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azide# ascorbic acid# aniline derivatives and sulphanic acid have 
been used for tliis purpose. It is possible to denitrosate thio— 
nitrite in presence of sufficiently high concentration of HNO2 
scavenger . The metal ions and their complexes having high affinit 
for HNO2 or NO# if present in the system# may also act as scavenge 
by picking the generated NO and thus yield metal nitrosyls. 

It has also been found that the denitrosation reaction is 
catalysed by the mercuric salts like HgCl2# HCl gas and Cl ions 
in piresence of a scavenger. 



HCl gas used in the reaction may be a good source for both 
and Cl ions and thereby enhancing the rate of denitrosation 
of thionitrites . i 

rS-NO > R-S-NO > NOCl + RSH ' 

I ■ ; 

H 

Thus# the presence of HCl or HgCl2 in the reaction medium 
enhances tlie rate of denitrosation of thionitrites and in this wa 
might increase the yields of nitrosylation reactions. 



182 


Present work tn the tJiesis has described a convenient singl 
step synthesis ot a nurttoer ot nit cos yl complexes based on the 
application of S— nitroso derivatives . We have chosen four thio— 
nitrites. Penicillamine thionitrite (PT), Tritylthionitrite (TTN) , 
S— nitrosocysteine and nitrowothiourea (NTU) for this purpose. PT 
and TTN are stable and decompose only at high temperatures, 

S— nitrosocysteine at room temperatvire while NTU is stable only at; 
lower temperatures. This short chapter describes the difference 1 
in behaviour of these tliionitrites towards metal nitrosylation 
reactions . 

Results obtained from the nitrosylation reactions, utilizii 
penicillamine thionitrite as nitrosylating agent clearly indicate^ 
that in almost all the reactions, at elevated temperatures pure ; 
nitrosyl complexes were obtained in reasonably good yields (^7G>J) i 
except in a few cases where hyponitrite complexes were formed. W| 
however, were not able to get any nltjrosyl complexes at room or 
lower temperature using this reagent. This may be due to the fac 
that penicillamine thionitrite is very stable at room or lower 
temperatures and dissociation process may be so slow that the 
concentration of NO present at a particular time in the reaction f 
might not be sufficient enough to nitrosylate metal ions or their 
complexes . Changing the reaction conditions except temperatures ' 
did not make any difference in its nitrosylation properties. The 
observations favour the general applicability of penicillamine 
thionitrite at higher temfHjrature . Furthermore, its thiols, thij 
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radical or disulfide did not cooxxlinate with the metal ions. It 
may presumably be due to the steric hinderance of the ligand. 

Tritylthiouitrite reacted with a number of metal ions and 
their complexes in presence of HCl gas or HgCl2 at elevated 
temperatures to yield metal nttrosyls. On reacting with RuCl^ . 
xH^O and its complexes Instead of fofming [ru(N 0 )C 12 (PPh2)2]/ it ; 
yielded sulfido nltrosyl complexes. Though PhCl^ .XH2O and IrCl^.; 
XH2O yielded pure nitrosyl complexes, but the yields were very 
poor. It suggests that in the absence of HCl or HgCl2/ the 
decomposition of trityl thlonitrite is not smooth and the concen- 
tration of NO, is relatively poor than needed for the foxtnation o: 
more stable nitrosyl complexes . Because of very high stability 
towards dissociation (equilibrium lying towards nitrosation) at 
room or lower temperature, the reactions of trityl thlonitrite 
with some metal ions and their complexes and particularly those 
whose nitrosyls are formed only at low temperatures could not 
afford their nitrosyls. The same reactions were carried out at j 
lower temperatures also but, with negative results. This is not [ 
unexpected because of the stability of the thlonitrite at low 

temperatures. | 

: ■' . f 

N itrosy lat 1 on reac t i. ons involving S-nitrosocysteine as a 
nitrosylating agent, yielded pure nitrosyl complexes only in | 

presence of HgCl2- In its absence nitrosyls containing cystine 
as one of the ligands were f>btainod at elevated temperatures. Tl 

stability of S-nitrosocysteine is not high and it rapidly dissoc; 

... \ " , ' ■ ' ! 

tes to nitric oxide and cystine, we could, therefore, be able to 

■ I 
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synt±iesize a few of the cobalt nltroayls at room temperature, 
suggesting the suitability of S— nitrosocysteine for the nitro- 
sylation reactions at higher and in a few cases at room temperatuj 
also. 

Reactions of S-nitrosothiourea with different metal ions 
and their complexes in presence of different ligands yielded most! 
thiocyanato complexes rather than nitrosyls. Though it formed 
nitrosyls with tliose metul ions having very high affinity for NO 
but NCS group was invariably preawnl. In all. the complexes. Depend 
ing u|>on t-i>a pH ol the reaction medium, nitrosothiourea decomposes 
through, two pathways lead:ln<j t:0 the .l:«)rination of both NO, and 
HNCS (cf . Chapter Five) . 

■ 4 - 

H + HNO 2 + SC(NH2)2 (NH2)2CSN0 

+ H^O 

(NH2)2CSN0 ^ NH 2 CSNHNO — NH2CS-N=N0H ! 

NH2CS-N=N0H ^ + HNCS + N 2 + 0H~ d); 

", 4- 4. , ■ r 

2h‘^ + HNO 2 + 2SC(NH2)2 > (NH2)2CSSC(NH2)2 + 2N0 + 2 H 2 O (2)[ 

The results indicated that the reactions of metal ions wit] 
HNCS is more effective than the trapping of NO. The reason could 
be that the formation of NCS complexes is so fast that before NO 
is picked up by the metal ions for nitrosylation (cf. mechanism 2> 
it migrates to the N atom of thiourea with the subsegpient formati 
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of NCS ion by destroinq NO tironp. The process will further 
increase the concentration oE NCs” ion resulting in lowering NO 
concentration further. Thus the higher concentration of NCS~ 
coupled with its better coordinating ability may be responsible f 
the formation of thiocyanate complexes rather than metal nitrosyl 
Thus nitrosothiourea does not appear to be a good nitrosylating 
agent. 

From the above disctission it is obvious that penicillamine 
and trityl thionitrltes can be utilized as nitrosylating agents 1 
a more or less gneralizod way preferably at higher temperatures^ 
Trityl thionitrite works better in presence of catalysts like HCi 
or HgCl 2 . S— nitrosocystoine nltrosylates the metal ions both at | 
elevated and room temperature, but is not very effective. Nitros 
thiourea may not be preferentially utilized in nitrosylation read 

ons, because of the formation of thlocyanato complexes in most of 

i 

the cases. Nitrosyl complexes are formed only in those cases whe 
metal ions have a great affinity foe NO. ; 



CHAPTER EIGHT 


SUMMARY AND SCOPE FOR FUTURE WORK 

During the past couple of decades, the chemistry of transit—; 
ion metal nitrosyls has outgrown to its bursting point. A large 
activity by the chemists in this area have probably been due to 
(a) their peculiar nature of bonding with the metal (b) their 

' 1 

unusual reactivity (c) their catalytic properties (d) their | 

applications in pollution control and (e) their potential use as 
precursors in organic syntheses. In addition, transition metal 
nitrosyls provide as a very effective tool in order to understand i 
the energetics of nitrogen fixation and the reactions of molecules 
which play a vital role In the living systems. 1 

Although a number of syntlietic procedures- for the metal 
nitrosyls are available in the literature/ the interaction of 
gaseous NO with the metal ions and their complexes is still pre- 
ierentially adopted for their synthes is . On the contrary/ the 
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thermodynarnic inatability of NO coupled with its being a menacing 
pollutant sometimes puts a constraint on its generalized appli- 
cation. One is thexefore, bound to rethink towards the de-^xelop- 
ment of new procedures for the metal nitrosyl synthesis. One of 
the possible routes could be in situ generation of NO by cleaving 
weak S— NO or 0— NO bond in thionitrite or alkyl nitrite respective! 
with subsequent trapping of the generated NO by the metal ions. 

The present thesis embodies the results of an attempt in this 
direction. 

First chapter of the thesis describes briefly the objecti- 
ves and the scope of the woirk. It highlights an overview of the 
transition metal nitrosyl chtemistry describing (a) various syntheH 
tic methods so far adopted for the transition metal nitrosyls# 

(b) their activity (c) bonding modes of NO group with the metal [ 
ions and (d) different theoiries, rules and techniques propounded 

I 

by the chemists in order to understand and distinguish between | 

linear and bent M— NO groups. , 

' ' ■ ' J 

Second chapter of the thesis describes a new generalised } 

synthetic procedure for the synthesis of transition metal nitro— 

; 

syls . Advantage have been taken of the weakness of S— NO bond of | 
the N-acetyl-dl-penicillamine thionitrite which is readily cleaved 
in the medium. It generates NO in the medium of the reaction, 
which is subsequently trapped by the metal ions or their complexes . 
The reactions of penicillamine thionitrite have been carried out ! 
with different metal salts, MCl^-xH^O (M = Ru, Rh , Ir) , Co, and Mo 

i 

' ■ . ■ ■ , I 

• . ' . ■ . , I 
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in presence of coligands like PPh*, AsPh_, SbPh^ , P{OPh)_, and 

3 3 3 3 

ethylenediamine and with tdie complexes of Ru and Rh. The latter 
reactions were also performed in presence of dry HCl gas or HgCl 2 * 
Which possibly catalyse the denitrosation of thionitrites, besides 
providing the source of chloride ions . It was observed that the 
nitrosylation reaction proceeded smoothly both in presence or in 
the absence of HgCl 2 and MCI gas . The nitrosylating properties 
of penicillamine thionitrita have been compared to those of the 
best known nitrosylating agent viz, MNTS at elevated temperatures.! 
The results of the reactions carried out revealed that the penici—i 
llamine thioni trite, at higher temperature appears to be a very | 
versatile nitrosylating agent compared to MNTS, if not better. 1 

Third chapter envelopes the reactions of trityl thionitrite 
with different metal salts, viz. MC1_ .xH,,0 (M = Ru, Rh, Ir) , 
CoCl2*6H20, Mo(CO)g, w(CO)g, chromous acetate, ammonium molybdate, 
potassium chromate, and ferrous sulfate in presence of coligands 
(PPhj, AsPh^, SbPh^, ethylenediamine, diethyldithiocarbamate, . 
ammoniumthiocyanate, pyridine, bipyridyl and acetyl acetone) and 

with large nunher of ruthenium, rhodium and nickel complexes in 

■ 

presence of HgCl 2 / CI 2 HCl gas. Trityl thionitrite thermally 

decomposes into NO radical and its disulfide at slightly higher 
temperatures («:»60°C). It was observed that the reactions of 
tritylthionitrite with RuCl^ .XH 2 O in presence of triphenylphosphine 

and ruthenium complexes led. to the syntheses of pure nitrosyl 

' ■ ^ ■ ■ '■ ' ■ . ■ ■ ' ■ " •" ■' . 

complexes only in the praaence of dry HCl gas or HgCl 2 9t: elevaled 
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temperatures. In the absence of i;lie latter compounds it yielded 
a complex containing sulfide. Reaction of tritylthionitrite with 
RhCl^ .XH2O and I rCl^ .xH^U Jn presence of triphenylphosphine and 
dry HCl gas or HgCl2 yielded pure nitrosyl complexes [Rh{NO)Cl2“ 
(PPh2)2] [ir CN0)C12 (PPh^) 2] respectively. The same reactions 

in the absence of HCl gas yielded [Rh (NO) CI2 (PPh^) 2] [ir(NO) — 

Cl2(PPh^)2]# but in very poor yields, suggesting that in the 
denitrosation of tritylthionitrite, HgCl2 or HCl plays very 
important role and their presence is necessory for the better 
yields of nitrosyls. Reactions of tritylthionitrite with Cr(ll), 
Co(ll), Pe(ll) and molybdenum in presence of different coligands 
at room and low temperatures could not yield the nitrosyls. 
Obviously the denitx'osat 1 on reaction of tritylthionitrite does 
not seem to be very favoui.-able at roojn or low temperatures. One 
may therefore conclude that the tritylthionitrite has a large 
potentiality for metal nltrosation only at relatively higher 
temperatures. 

I 

' ^ 
ji 

Chapter four deals with the products, resulted from the [ 

f:. 

reactions of S— nitrosocysteine with RuCl^ .XH2O in presence of I 

PPh^, [RuCl2(PPh2) 3], RhCl3.xH20 in presence of PPh^ and [Rhcl- 
(PPh^)^] in the presence and absence of HgCl2 and CoCl2»6H20 in 
the presence of bipy and lithium perchlorate. It was observed | 

that the reactions in the presence of HgCl2 yielded pure nitrosyl 
complexes while in the absence they gave nitrosyls containing 
cystine. Reaction of CoCl2*6H20 afforded pure literature Icnown 
nitrosyl complex [co(NO) (llipy) 2Cl]clO^ , | 



Chapter five hescr ibas the reactions of S-nitrosothlourea 


with a number oi transition metal ions and their complexes in 
presence of different ctd Igands under varying reaction conditions • 
It was observed ttiat the ceaction of ii^tal ions with nitrosothio- 
urea yielded mostly thiocyanato complexes. Only a few reactions 
gave pure nitrosyls and particularly with the metal ions having 
great affinity for NO. There are following two parallel decompos- 
ing reactions of nitrosothlourea. In these reactions the one 
yielding HNCS dominates the reaction path, while the second one 
goes with the metal ions having high affinity for NO. 

Reactions of metliyl, ethyl, propyl and n-butyl nitrites 

' f 

with the metal ions of Cr, Fe, Co and a few of their complexes in 
presence of different coligands at room and low temperatures have 
been described in chapter six of the thesis. The results indicated 
the potential applicability of alkyl nitrites as nitrosylating | 

agent for the transition metal nltrosyl synthesis at low tempera— s 
tures also. 

Chapter seventh describes briefly a comparison of reactivi- 
ties of penicillamine thionitrite, tritylthionitrite, S— nitroso— ! 

cysteine and S-nitrosothiourea towards nitrosylation reactions ( 

i: 

with the metal ions. ; 

Following are some of the problems related to the present 
work which may be taken in future . 

The nitrosylating propeirties of 
thionitrites stable at room tern 




CH- 
CH 
CH: 

e natures 


S— NO along with other 


1 . 
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1 \ 


,|-^-S-NO (\/here R^=R 2 ^ 


The metal nl trosylation tay thionitrltes having different 

R 

substituents attached to the carbon ki 

R3 

CgH^ and will be taken up. The effect of the 

substituents on the metal nitrosylation will be examined. 
Thereby it will be possible to find a particular nitrosylating 
agent which may work at all the temperatures and under differ- 
ent reaction conditions. 


— , s 

3. The oxidative addition reactions between 16 e d nitrosyl 
complexes and RONO (Rwalkyl or aryl group) which may lead to 
the formation of interesting transition metal alkoxides. 


4. The nitrosylation properties of the compounds containing C— NO 
will be examined. 

5. The compounds containing M— NO (Maany non metal) will also be 
examined. The work on nitrosylation using P-NO is still in 
an embryonic state and it should be further explored. 
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